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P R O C E E D I N G S  - - - - - - - - - - -  
DR. SCHILLING: Good morning, l ad ies  and gent lemen.  

I t  i s  niy p lcasure  t o  welcome you t o  t h i s  b r i e f i n g  s e s s i o n  on 

o u r  o r b i t i n g  as t ronomica l  o b s e r v a t o r i e s  p r o j e c t s .  Each of you 

h a s  r e c e i v e d  o u r  i n v i t a t i o n  and a t e n t a t i v e  agenda. We are n o t  

ready y e t  t o  l e t  o u t  formal i n v i t a t i o n s  for  b i d d i n g  on t h i s  

3 r o j e c t .  Rather ,  w e  have expe r i enced  s i n c e  t h e  l as t  few months 

t h a t  many of you have become so i n t e r e s t e d  i n  t h i s  project  t h a t  

we have had w i t h  u s  j u s t  abou t  everyone i n  t h i s  room, and I t h i n k  

many of you have v i s i t e d  some of o u r  contractors who axe merely 

engaged i n  p r e l i m i n a r y  in s t rumen t  a t i o n  and  s c i e n t i f i c  development 

We thought  t he  easiest  way f o r  you, as w e l l  as for Us 

would be t o  p r e s e n t  our p r e s e n t  p l a n s ,  and the present  s t a t u s  of 

t h i s  project  i n  a g e n e r a l  s e s s i o n  l i k e  t h i s  one .  The O r b i t i n g  

Astronomical P r o j e c t  is o n e + o f  the  p r o j e c t s  i n  o u r  o b s e r v a t i o n a l  

astronomy program. The head of t h i s  o b s e r v a t i o n a l  astronomy 

x o g r a m  is D r .  Nancy Roman, who w i l l  lead t h i s  s e s s i o n  today ,  

a n d  p r e s e n t  t o  you t h e  v a r i o u s  s p e a k e r s  assembled a t  t h i s  

t ab l e ,  

I want to i n t r o d u c e  t o  you a t  t h i s  t i m e  D r .  Nancy 

Roman. 

DR. ROMAN: Thank you. I t h i n k  I had be t t e r  s t a y  

seated.  Astronomers have for  a l o n g  t i m e  wanted to  g e t  

beyond the  ear th 's  a tmosphere ,  The e a r t h ' s  a tmosphere has  t w o  

ve ry  s e r i o u s  effects .  F i r s t ,  t h e  l i g h t  which does ge t  through 
._ -- -c ____?_ 
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Eallaons and now 

o p p o r t u n i t y  to  g e t  beyond thle 

r ad ia t ion  from ce les t ia l  

However, a l l  a s t ronomica l  

t h e  s u n  are f a i n t ,  and almost 

d i s t a n t ,  are ex t r eme ly  s m a l l  

n o t  e x p l o i t  the  advan tages  of 

u n l e s s  you are able to ge t  u.3 

telescopes, and u n l e s s  you 

t h e  atmosphere 

r ad ia t ion  does 

- -_ - - --  

satellites give u s  t h e  first 

atmosphere and  s t u d y  

s o u r c e s  i n  an u n d i s t o r t e d  form. 

so.Jrces w i t h  t h e  e x c e p t i o n  of 

a l l ,  because  they  are v e r y  

a n g u l a r l y .  Therefore, you can  

g e t t i n g  above t h e  atmosphere 

t h e r e  r e a s o n a b l y  large sized 

are able to  keep  t h e s e  

i n  t h e  ea r th ' s  

telescopes p o i n t i n g  a t  o n e  

per iods of t i m e  to a h i g h  

I t  was w i t h  these 

s t a r t e d  the  O r b i t i n g  Astronomical  

The pu rpose  of t h i s  project  

t h a t  is, to get  a t e l e s c o p e  

pe rhaps  36 or 40 i n c h e s  i n  

can  be p o i n t e d  to w i t h i n  a 

for  per iods  as l o n g  as t h e  

f o r  t h e  t y p e  of o r b i t  w e  

minu te s  to an hour  i n  most 

Now, i t  is o b v i o u s l y  

t o  produce  s u c h  a s a t e l l i t e .  

i s  d i s t o r t e d ,  and  s e c o n d l y ,  much of t h e  

n o t  ge t  t h m g  because of m o l e c u l a r  a b s o r p t i o n  

atmosphere. i 

r e g i o n  o f  t h e  sky f o r  l o n g  

d e g r e e  of accu racy .  

c o n s i d e r a t i o n s  i n  mind t h a t  w e  

O b s e r v a t o r i e s  Pro jec t .  

is t o  s a t i s f y  these r e q u i r e m e n t s ,  

of moderate s ize ,  up t o  

diameter, i n  a s a t e l l i t e ,  which 

f r a c t i o n  of a second  of arc 

s t a r  remains  v i s i b l e ,  which 

are c o n s i d e r i n g  is a b o u t  45 

p o s i t i o n s .  

a f a i r l y  large u n d e r t a k i n g  

I t  is also o b v i o u s  t h a t  t h e s e  
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basic requ i r emen t s  are necessa ry  f o r  almost any type of 

astronomical experiment  which w e  w i sh  t o  conduct  i n  the 

r e g i o n  i n  which o p t i c s  are u s e d .  The re fo re ,  w e  have planned 

the s a t e l l i t e  fo r  t h i s  project  w i t h  the idea that  w e  would 

have a basic s h e l l ,  i f  you want to ca l l  i t  t h a t ,  which 

w e  have been c a l l i n g  o u r  s tab i l ized  p l a t f o r m  sys tem,  i n t o  

which v a r i o u s  t y p e s  of o p t i c a l  i n s t r u m e n t a t i o n  c o u l d  be 

i n s e r t e d .  W e  have d i v i d e d  the  r e s p o n s i b i l i t y  o n  t h i s  

p r o j e c t .  NASA is d i r e c t l y  t a k i n g  o v e r  the r e s p o n s i b i l i t y  

f o r  thestabil ized p l a t f o r m  sys tem which w i l l  p rov ide  a l l  of 

t h e  f e a t u r e s  common to any a s t r o n o m i c a l  exper iment  which we 

would l i k e  t o  do. T h i s  w i l l  i n c l u d e  t h e  s t a b i l i z a t i o n ,  

gu idance ,  power s u p p l y ,  and s o m e  so r t  of f i n d e r  sys tem 

to t e l l  where t h e  t e l e s c o p e  is p o i n t i n g .  

I n  a d d i t i o n  to t h i s ,  r e s p o n s i b i l i t y  f o r  i n d i v i d u a l  

exper iments  has  been d i s t r i b u t e d  an ong u n i v e r s i t y  and 

o ther  s c i e n t i f i c  groups  who are r e p r e s e n t e d  here today. 

I t h i n k  at t h i s  p o i n t  I would l i k e  t o  go around 

the table and i n t r o d u c e  t h e  peop le  whom you see h e r e .  

S t a r t i n g  f r o m  t h i s  end, w e  have D r .  Code, Washburn 

Observa tory ,  U n i v e r s i t y  of Wisconsin.  M r .  T r i p l e t t ,  A m e s  

Research C e n t e r ,  an  NASA l a b o r a t o r y .  Mr. Robert Davis ,  

Smithsonian Astrophysical Observatory. 

F l i g h t  C e n t e r  of the  NASA. Y r .  J a m e s  M i l l i g a n ,  Goddard 

Space F l i g h t  C e n t e r .  D r .  J ,  Rogerson, P r i n c e t o n .  Dr. 

Dr. Kupperian of Goddard Space 
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t o  g e n e r a l  q u e s t i o n s  on any 

I hope to be able to f i n i s h  

meeting by one o ' c l o c k ,  b u t  i:: 

to c o n t i n u e  i n t o  t h e  a f t e r n o o n ,  

There  is o n e  o t h r  

mention a t  t h i s  t i m e .  The 

w r i t t e n  i n  terms of the Vega 

L i l l e r  of t h e  U n i v e r s i t y  of h igan  Obse rva to ry .  You 

w i l l  hear f r o m  each of these nt lemen i n  j u s t  a minute .  

I t h i n k  m o s t  of y ave r e c e i v e d  t h e  p r e l i m i n a r y  

specif icat ions which were p red at t h e  Ames Research 

C e n t e r  o u t l i n i n g  the  g e n e r  qu i r emen t s  f o r  t h i s  p r o j e c t .  

If any of t h e  companies he  t h e  aud ience  have not  

received t h e s e  s p e c i f  i ca t i  i f  you w i l l  p l e a s e  g ive  me 

a s l i p  of p a p e r  w i t h  your  and address, I w i l l  see t o  i t  

t h a t  you g e t  a copy w i t h i n  e k  o r  so. I do n o t  have any 

to  d i s t r i b u t e  t h i s  morning 

D r .  S c h i l l i n g  h a  eady o u t l i n e d  t h e  pu rpose  of 

t h i s  meet ing .  I t h i n k  yo have t h e  agenda i n  hand. 

The i d e a  is t h a t  each  of t ronomica l  g roups  r e p r e s e n t e d  

w i l l  g i v e  a s h o r t  d e s c r i p  t h e i r  expe r imen t .  I w i l l  

t hen  i n v i t e  q u e s t i o n s  f ro  ud ience  on t h a t  p a r t i c u l a r  

exper iment .  A t  the end w have a d i s c u s s i o n  of some 

of t h e  e n g i n e e r i n g  a s p e c t  e p r o j e c t  by t h e  Ames 

Research  C e n t e r ,  and then  1 throw t h e  meeting open 

p b r t i o n  of t h e  p r o j e c t .  

t h e  major p o r t i o n  of t h e  

t h e r e  is s u f f i c i e n t  i n t e re s t  

t h i s  w i l l  be p o s s i b l e ,  

. )o in t  which p e r h a p s  I s h o u l d  

p r e l i m i n a r y  s p e c i f i c a t i o n s  w e r e  

v e h i c l e .  I t  a p p e a r s  now as i f  
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t h e  Vega may be e l imina ted ,  and in s t ead  an Atlas Agena B 

s u b s t i t u t e d .  T h i s  is a v e r y  n e w  development.  I don ' t  t h i n k  

i t  w i l l  a f fect  the  program markedly.  I have n o t  had the  

t i m e  t o  go i n t o  t h e  c a p a b i l i t i e s  of t h e  Agena i n  d e t a i l .  

T h i s  is a v e r y  new development,  as I s a y ,  and i t  s t i l l  is 

n o t  f i r m .  However, i t  looks l i k e  i t  s h o u l d  be able t o  do 

abou t  the saane j o b  as t h e  Vega. 

With t h i s  I w i l l  t u r n  the  program o v e r  t o  the  

astronomers -- I w i l l  t a k e  i t  back.  There  is one o t h e r  

pe r son  i n  t h e  aud ience  I would l i k e  t o  i n t r o d u c e  a t  t h i s  

t i m e .  T h i s  i s  Mr. Curran  of our Procurement  D i v i s i o n .  Mr. 

Qlr ran ,  w i l l  you p l e a s e  s t a n d ?  If any of you have de t a i l ed  

q u e s t i o n s  o n  procurement  p r o c e d u r e s ,  as compared t o  

t e c h n i c a l  q u e s t i o n s  on t h i s  p r o j e c t ,  I would appreciate i t  

i f  you would d i r ec t  i t  t~ Mr. Curran .  

Now I would l i k e  to t u r n  t h e  meet ing  o v e r  to Mr. 

M i l l i g a n ,  who w i l l  d i s c u s s  t h e  Goddard exper iment  f o r  an  

u l t r a v i o l e t  s t e l l a r  s p e c t r o g r a p h .  

ULTRAVIOLET STELLAR SPECTROGRAPH, NASA 
GODDARD SPACE FLIGHT CENTER, BY J .  MILLIGAN 

MR. MILLIGAN: I would l i k e  to spend a f e w  minu tes  

s k e t c h i n g  o u t  to  you a t e n t a t i v e  o p t i c a l  d e s i g n  f o r  a n  

astronomical t e l e s c o p e .  I w i l l  spend  v e r y  l i t t l e  t i m e ,  if 

any,  o n  t e c h n i q u e s  of gu idance ,  or things of t h i s  sor t .  I 

w i l l  l e a v e  t h a t  for q u e s t i o n s  l a te r  on .  
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(Blackboard demons t 

MR. MILLIGAN: The scope t h a t  w e  are 

e n v i s i o n i n g  w i l l  p robab ly  tak  e form of something of 

t h e  s o r t  I am s k e t c h i n g  o u t  o e board. A t  l eas t  i t  w i l l  

be able  to f i t  i n t o  t h e  o v e r  o n s t r a i n t s  t h a t  I a m  g i v i n g  

you. The telescope w i l l  con t h a t  is, t h e  co l lec t ing  

o p t i c s  w i l l  c o n s i s t  of a 36 mirror which w i l l  be 

o p e r a t i n g  p robab ly  around F- 

p u t  a r e t u r n  beam through t h  e i n  t h e  pr imary  mirror 

of abou t  F-5. S i n c e  t h i s  i 6 i n c h  mirror, t h i s  d i s t a n c e  

f r o m  h e r e  to here w i l l  be der  of somewhere between 

30 and 36 i n c h e s ,  something a t  order of magnitude.  

The l i g h t  w i l l  then  come t h  a diaphragm h e r e  o n  

a collimating m i r r o r ,  back h e  t e l e s c o p e ,  on  to a 

large g r a t i n g ,  on to a came e ,  o v e r  t o  a de tec tor  sys tem.  

d a secondary  which w i l l  

Now,  t h i s  sys t em ng d e s i g n e d  for 

s p e c t r o m e t r y .  W e  are a s k i n  oderate t o  l o w  r e s o l u t i o n .  

W e  are more i n t e r e s t e d  i n  rY than  w e  are  i n  h igh  

r e s o l u t i o n  work. We are t i n  terms of t h e  spectral 

r e s o l u t i o n s  v a r y i n g  from o trom, which w i l l  be o u r  

best  r e s o l u t i o n ,  t o  r e s o l u  f t h e  order of 50 

angs t roms.  T h i s  telescope ng d e s i g n e d  for t w o  purposes .  

One, to g e t  a b s o l u t e  e n e r g  i b u t i o n s  of stars i n  

the  wavelength  regions f r  angs t roms to 1,000 

m g s t r o m s .  The second  t h  w e  want to  u s e  i t  for, w e  
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want t o  ge t  spectra on  an  a b s o l u t e  basis of emiss ion  nebulae 

which o c c u r  i n  the  sky and i n t e g r a t e d  s te l la r  sys t ems ,  t h a t  

is ,  g a l a x i e s .  So w e  have e s s e n t i a l l y  two d i f f e r e n t  p u r p o s e s .  

I n  o n e  case, w e  are d e a l i n g  w i t h  a p o i n t  s o u r c e  in t h e  s k y .  

I n  t h e  o ther  case w e  are dealing w i t h  an ex tended  r e g i o n .  

Our gu idance  a c c u r a c i e s  i n  the t w o  cases w i l l  be 

a l i t t l e  b i t  d i f f e r e n t ,  s a y  fmm the p o i n t  s o u r c e  here 

for t h e  ex tended  r e g i o n ,  ca l led  N o .  2 .  From the p o i n t  

s o u r c e  i t  l o o k s  as though w e  are g o i n g  t o  need gu idance  

accu racy  of t h e  order of one  second  of arc f o r  per iods  of 

t h e  order of 40 seconds.  T h a t  is,  w e  want the  d r i f t  

w i t h i n  a ljeriod of 40 seconds  to be no g r e a t e r t h a n  one  second 

of W C -  I On the  ex tended  emiss ion  r e g i o n s  w e  w i l l  be 

v e r y  happy i f  w e  can  ge t  g u i d i n g  accuracies of the  order of 

one minute of arc f o r  a per iod o f ,  l e t  u s  s a y ,  25 m i n u t e s .  

A t  the p r e s e n t  t i m e  the  p l a n  is to  u s e  one  or more 

p h o t o m u l t i p l i e r s  as a d e t e c t i o n  sys tem.  These photo- 

m u l t i p l i e r s  w i l l  have slits i n  the  f r o n t  of them, and each 

one of them w i l l  be l o o k i n g  a t  a c e r t a i n  wavelength  band. 

To produce s c a n n i n g  of the  spe t rum i n  t h e  o b s e r v a t o r y ,  i t  

l o o k s  as though w e  are g o i n g  t o  have to ro ta te  t h i s  grating 

i n  f i n i t e  s teps  e v e r y  20 seconds ,  someth ing  of t h i s  sor t .  

That  is o n e  r e a s o n  I gave gu idance  of one  second  accuracy  

i n  t h e  per iod of t h e  order of 40 s e c o n d s .  

The detectors  w i l l  be used  as photon  c o u n t e r s  
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v e r y ,  v e r y  d i f f i c u l t  t o  do i n  

are p robab ly  g o i n g  t o  be deal ing 

way w e  are g o i n g  t o  be able t c  

t o  c o u n t  these pho tons  i n  eack. 

t h a t  photon-wise w e  w i l l  have 

one per c e n t  w i t h  a f i n a l  

way w e  are p l a n n i n g  on do ing  

to  e s s e n t i a l l y  c o u n t  on  each 

and measure t h e  t i m e  

and t h e  r e a d o u t  sys t em w i l l  b something as f o l l o w s .  We want  

t o  have data of t h e  order of  n e  per c e n t  accu racy .  T h i s  is 8 
a t e l e m e t r y  sys t em s u c h  as w e  

w i  th i n  a s a t e l l i t e .  The 

do t h i s ,  w e  want to be able 

one of t h e  detectors  so 

a c c u r a c i e s  o f  the o r d e r  of 

acccracy of .1 per  c e n t .  The 

' h i s  at t h e  p r e s e n t  moment is 

c n e  of these detectors  

i n t e r v a l  i t  takes for u s  to  

detector t o  c o u n t  t h e  c o u n t s ,  

back to  t h e  ground,  So e s s e n t i a l l y  

t e l e m e t e r i n g  back is not the 

r e c e i v e ,  but t h e  number of 

to produce  t k s t a t i s t i c a l  

are t e l e m e t e r i n g  t h i s  i n f o r m a t i o n  

c o u n t  a c e r t a i n  number of cou ts. 

We w i l l  t h e n  s tore  he  t i m e  i t  t a k e s  for t h e  3 
and telemeter the i n f o r m a t i o n  

what w e  w i l l  be 

number of c o u n t s  t h a t  w e  

c o u n t s  which w e  f e e l  is n e c e s s a r y  

a c c u r a c y  t h a t  w e  need ,  and we 

back i n  terms of a t i m e  
I 

sys tbm,  t h a t  is t e l e m e t e r i n g  ack t h e  t i m e  i t  takes  to  

deve lop  t h e s e  numbers of coun . 
DR. MEINEL ( K i t t  Pe N a t i o n a l  Obse rva to ry ) :  T h a t  

is o n l y  one per c e n t  basic acc r a c y .  

MR. MILLIGAN: I s a i  to  t h e  order -- this number 

is a free-parameter a t  the pres  n t  moment. i 
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DR. MEINEL: Ten to the s i x t h ?  

MR. MILLIGht T h i s  number js o n l y  a free-parameter 

a t  the moment. T h i s  means t h a t  as w e  s c a n  a s te l la r  

spectrum, w e  are go ing  to have to  hav e storage o f  our d a t a .  

We fee l  t h a t  t h i s  is p a r t  o f  o u r  experiment so t h a t  w e  w i l l  

hand le  t h i s  o u r s e l v e s .  We w i l l  supp ly  a data storage 

sys tem and make i t  compa t ib l e  w i t h  the  t e l e m e t e r i n g  system. 

A t  the  p r e s e n t  moment i t  looks  as though w e  are 

go ing  to  have t o  go to a core type memory i n s t e a d  of a 

t a p e  recorder. A s  far as t e l e m e t r y  goes, i t  looks as though 

the  basic experiment  w i l l  be e a s i l y  handled  by t w o  channe l s  

of i n f o r m a t i o n .  One, f o r  example, c o u l d  be an FM, which 

is n o t  at a l l  d e f i n i t e ,  an  FM sys tem,  l e t  u s  s a y ,  w i t h  a 

1 KC band wid th ,  The second one  w i l l  be a lower f requency  

channe l ,  l e t  u s  s a y  of the  o r d e r  of a t e n t h  of a KC band, 

which w e  w i l l  commutate to read back i n f o r m a t i o n  s u c h  as 

characteris t ics of the detectors ,  v o l t a g e ,  and t h i n g s  of 

t h a t  so r t .  Tha t  i s , env i ronmen t  type  d e v i c e s .  

As f a r  as t h e  accuracy  goes, t h i s  is a l l  the  

t e l e m e t e r i n g  r equ i r emen t s  w e  see at t h e  moment other than  

t h e  t e l e m e t e r i n g  r equ i r emen t s  which are r e q u i r e d  fo r  the  

e n g i n e e r i n g  a s p e c t s  of t h e  system. 

To o b t a i n  t h e  one second of arc g u i d i n g  accuracy  

is somewhat of a problem r i g h t  now. We are n o t  a t  a l l  s u r e  

whether o u r  experiment  h a s  i n  i t  t h e  c a p a b i l i t y  of g i v i n g  u s  



error 
an/ s i g n a l  which  w i l l  allow 

s a t e l l i t e ,  to p o i n t  to one 

p o s s i b i l i t y  of u s i n g  the zero 

We are looking  i n t o  i t .  We 

p r e s e n t  moment. 

Now, exposure t i m e s ,  

s t a r ,  f o r  one angs t rom 

t i m e  w i l l  p robably  be of the! 

maximum exposure time is 

minutes  f o r  a star w i t b  one 

down to  o u r  bandwidth of 50 

exposure t i m e s  here are about 

order  of f i v e  minutes  a g a i n ,  

been c u t  down maybe a factor 

of t h e  order of 20 minutes .  

minutes  and 20 minutes  f o r  

object and get  a l l  t h e  data 

T h i s  p r e s e n t s  a 

awful  l o t  of  objects c a n  be 

p e r i o d  of t i m e .  So t h i s  m e a m  

minutes  of t i m e  to get  the  

deem necessa ry ,  t h e r e  w i l l  

which our i n s t r u m e n t s  may n a t  

Unless  the i n s t r u m e n t  has  tke 

programmed at least  to a s m a . 1 1  

11 

a guidance sys tem,  i n  the 

second of arc. There is a 

order image i n  t h e  s p e c t r u m .  

do not  have a s o l u t i o n  at t h e  

l e t  u s  s a y  on an i n d i v i d u a l  

r e s o l u t i o n ,  the  minimum exposure 

order of f i v e  minutes .  The 

probably  of the  o r d e r  of 200 

angstrom r e s o l u t i o n .  If w e  go 

angstroms r e s o l u t i o n ,  t h e  

the  same. T h i s  is of the  

and t h i s  t i m e  up h e r e  h a s  

of t e n ,  something l i k e  that ,  

So i t  w i l l  t ake  between f i v e  

u s  t o  look  a t  a p a r t i c u l a r  

back. 

problem because i t  looks l i k e  an  

g o t t e n  i n  t h i s  f i v e  minute  

i f  you work o n l y  the f i v e  

k:ind CY€ s t a t i s t i c s  t h a t  w e  

he a large p a r t  of t h e  o r b i t  ove r  

be g a t h e r i n g  data f o r  u s .  

f a c i l i t y  of be ing  able to be 

amount i n  advance from the  
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ground, t h a t  is, af ter  a c e r t a i n  object is f i n i s h e d ,  w e  

might be able t o  program t h e  t e l e s c o p e  t o  s ta r t  f i n d i n g  

some other  object i n  t h e  sky ,  something of t h i s  sor t .  There 

is one a d d i t i o n a l  e n g i n e e r i n g  th ing  w e  are going  to need in  

t h e  t e l e s c o p e .  That  is, w e  are go ing  to  have t o  have some 

way of disabling or keeping  t h e  sys tem from look ing  a t  t h e  

sun .  Now, t h i s  cou ld  be done, l e t  u s  s a y ,  i n  a couple  of 

d i f f e r e n t  ways. One, we E O U ~ @  p u t  a s h u t t e r  across t h e  

pr imary mirror such  t h a t  when i t  got  too close to  the sun  

i t  would close. T h i s  is one p o s s i b i l i t y .  Another 

p o s s i b i l i t y  might be t h a t  one w u l d  have a photo  c e l l  system 

of some sor t ,  which, i f  the l i g h t  w a s  above a cer ta in  

amount, i t  would disable t h e  sys tem and move i t  away f r o m  

tk sun .  How t h i s  is going  t o  work at t h e  p r e s e n t  moment 

is mainly an  e n g i n e e r i n g  de te rmina t ion  of what  so r t  of 

sys tem fits best i n t o  t h e  o v e r a l l  c a p a b i l i t i e s  of  the  system. 

I t h i n k  I had be t te r  s t o p  r i g h t  now. I sha l l  

be glad t o  answer any q u e s t i o n s .  

DR. ROMAN: Thank you. Before you do, I t h i n k  

there  are people slanding. I b e l i e v e  there are two or  three 

seats ove r  on t h i s  s ide of the aud i to r ium i f  you would l i k e  

to t r y  to  f i n d  them. 

I would also r e q u e s t  t h a t  fo r  the  sake of t h e  

r e p o r t e r  b e f o r e  you ask a q u e s t i o n ,  you s ta te  your name 

and company. 
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F i n a l l y ,  one o t h e r  nouncement which I should 

have made ea r l i e r ,  and tha t  i t h a t  t h e r e  may be 

r e p r e s e n t a t i v e s  of t h e  p r e s s  

N o w ,  are there  any i o n s  o n  t h e  Goddard 

expe r imen t ,  t he  s t e l l a r  s p e c t  

DR,  HELVEY (Radiat i  st one q u e s t i o n .  

You mentioned tha t  data s t o r  1 be f u r n i s h e d  o r  

w i l l  be manufac tured  in-hous ce. I n  o ther  words 

i t  would n o t  be farmed o u t  t s t h a t  r i g h t ?  

MR. MILLIGAN: N o .  sider  t h i s  part  

o f  t h e  experiment  e s s e n t i a l 1  t s i n c e  i t  is 

so c r u c i a l  to o u r  exper iment  o n s i d e r  i t  part 

of o u r  experiment a1 a p p a r a t u  we igh t  a l l o c a t i o n  

probably and t h e  a u t h o r i t y  o 1 be p l a c e d  upon 

the  experimenter  t o  have a wo I a m  n o t  s a y i n g  

t h a t  w e  are g o i n g  to  b u i l d  t u s e .  Obviously 

w e  d o n ' t  have the c a p a b i l i t y .  

DR. HELVEX: Yes, 

c a p a b i l i t i e s  i n  t h i s  f i e l d .  T: ia t  is why I asked t h e  q u e s t i o n ,  

I 

as to whether  t h e s e  t h i n g s  are 

NASA d i r e c t l y  or  of the i n d i v i d u a l  

t h e  c o n t r a c t s  from the  NASA pa::t 

l e t  d i r e c t l y  from h e a d q u a r t e r s  

aspects which are i n v o l v e d  w i t  t h e  i n d i v i d u a l  e x p e r i m e n t e r s ,  . I  

t h e  r e s p o n s i b i l i t y  of the 

e x p e r i m e n t e r s  is tha t  

of t h e  program w i l l  be 

here ,  whereas as f a r  as the  
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they w i l l  be handled by t h e  expe r imen te r s .  

DR. HELVEY: Thank you. 

MR. HALLOCK (Gruman Aircraft Corpora t ion )  : Can you 

elaborate on t h e  g r a t i n g  d i s t a n c e ?  

MR. MILLIGAm: . The g r a t i n g  w i l l  p robably  be a 

p l a i n  g r a t i n g .  I t  w i l l  p robably  be a 15 ,000  l i n e  

g r a t i n g  of t h e  order of  1 0  i n c h e s  across. 

MR. MITCHnL (Boeing AirplareCompany): I n  t a l k i n g  

about  t h e  guidance ,  t h e  p o i n t  s o u r c e ,  you mentioned one 

second of arc, and theg  c a l l e d  i t  " d r i f t " .  Is i t  

a b s o l u t e  p o i n t i n g  accuracy  or is i t  a rate w h a  is more 

cr i t ical?  

MR. MILLIGAN: The t h i n g  w e  want to be able to  do 

is t o  hold the t e l e s c o p e  p o i n t i n g  a t  a star w i t h i n  one  

second of arc f o r  a p e r i o d  o f ,  l e t  u s  s a y ,  40 seconds .  

Now,  i t  can d r i f t  p l u s  or minus t h a t ,  p l u s  or minus a 

h a l f  second of arc d u r i n g  t h o s e  40 seconds .  

MR. MITCHELL: What is t h e  a b s o l u t e  p o i n t i n g  accuracy 

you need ID s ta r t  with? The f i e l d  of  view I t h i n k  w a s  one 

deg ree .  

MR.HILLIGAN: Tk f i e l d  o f  view on  t h i s  w i l l  be 

of  t he  o r d e r  &n arc, a t  least  as f a r  as o u r  experiment 

goes ,  of t h e  order of t h r e e  seconds  o f  arc. 

DR. ROMAN: T h i s  means t h a t  t h e  p o i n t i n g  w i l l  

have to  be w i t h i n  a f e w  seconds  of arc. 
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hlR. MILLIGAN: An f t e r  w e  lock onto i t ,  we will 

have t o  h o l d  t h a t  accuracy  s or minus one h a l f  second of 

arc .  

MR. KIRCHOCK: (P p o n t ) :  Have you cons ide red  

t h e  use  of a l i g h t  f u n n e l  t educe t h e  a c c u r a t e  p o i n t i n g  

requirement  of t he  s p e c t r o  

MR. MILLIGAN: N have n o t .  A c t u a l l y ,  t h i s  

p r o j e c t  has  o n l y  been unde a s h a r t  p e r i o d  of t i m e .  

We have a l o t  of des ign  wo t to do on  o u r  exper iment ,  

an awful l o t  of i t .  

DR, ROMkN: Am I i n  t h i n k i n g  t h a t  a l i g h t  

f u n n e l  w u l d  n o t  s o l v e  t h e  e m  because t h e  problem 

is to exc lude  o ther  reg ion  he sky? I t  is n o t  a 

matter of f u n n e l i n g  the li to  a s m a l l  r eg ion  of the 

i n s t r u m e n t .  

Any other  q u e s t  t h i s  experiment?  

MR. TRIPLET": one  second of 

arc guidance  for 40 secon  you spoke of  exposure 

t i m e  of f i v e  m i n b s .  

MR, MILLIGAN: Each sample w i l l  be t a k e n  

on t h e  o r d e r  of 40 secon ill have to move the  

g r a t i n g .  I t  w i l l  have t a g a i n  and h o l d  

i t  f o r  a g i v e n  p e r i o d  of 

QUESTION: The e l i g h t  f u n n e l  is n o t  

so much t h e  extended r e g  , b u t  to  ma in ta in  the 

callima~i.cm- . You have to  f 11 t h e  collimator and no th ing  
. ?  
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e l s e .  

DR. ROMAN: Any o ther  q u e s t i o n s  o r  comments from 

the  audience  on t h i s ?  

I n  t h a t  case w e ' w i l l  p roceed  to i t e m  3 on o u r  

agenda, the U l t r a v i o l e t  Photometer, the U n i v e r s i t y  of 

Wisconsin,  and I w i l l  a s k  D r ,  Code to  d i s c u s s  t h i s  

i n s t rumen t  . 
ULTRAVIOLET PHOTOMETER, UNIVERSITY 
OF WISCONSIN, By DR. A .  D. CODE. 

DR. CODE: L e t  m e  s a y  something first about  the 

a s t r o p h y s i c a l  problems t h a t  w e  are concerned w i t h .  I 

t h i n k  you w i l l  see t h a t  there is s i m i l a r i t y  i n  t h e  

problems tha t  w e  are d e a l i n g  w i t h ,  and  those  of a l l  t h e  

s t e l l a r  exper iments ,  t h a t  which w a s  described by Dr. 

Kuperian and t h e  P r i n c e t o n  program, i n  that w e  are 

i n t e r e s t e d  i n  measuring t h e  r a d i a t i o n  from s te l la r  objects 

and from gaseous nebu la  or i n t e r s t e l l a r  gas i n  a 

r e s t r i c t ed  wavelength region. 

A t  t h e  U n i v e r s i t y  of Wisconsin f o r  a number of 

y e a r s  w e  have been concerned w i t h  t w o  problems i n  which 

the  e x t e n s i o n  to the u l t r a v i o l e t  is j u s t  a l o g i c a l  

e x t e n s i o n .  One is the energy  d i s t r i b u t i o n  of stars. The 

second is i n t e n s i t i e s  of emiss ion  l i n e s  i n  gaseous nebula .  

What w e  r e a l l y  w a n t  to know are,  l e t  u s  s a y ,  t he  number of 

ergs p e r  second p e r  s q u a r e  cent imeter  p e r  angstrom i n c i d e n t  



o n  the  o u t s i d e  of the  ear th*s  

s o u r c e .  

(Blackboard demonst 

DR, CODE: F o r  exan 

as a f u n c t i o n  of wavelength  f 

s a y ,  w e  can de te rmine  s u c h  a n  

microns to .3 of a micron,  an 

a l l  t h e  ene rgy  d i s t r i b u t i o n  o 

l e v e r a g e  when comparing t h e  e 

w i t h  t heo ry .  

L e t  m e  e x t e n d  t h i s  

For  t h e  h o t t e r  s tars ,  s a y  a s 

i n  t h e  pho tograph ic  r e g i o n ,  w 

d i s t r i b u t i o n  to l o o k  some t h i n  

energy  w i l l  be i n  t h e  u l t r a v i  

o b s e r v a t i o n s  of t h i s  p a r t  of 

l e a r n i n g  mu& of t h e  s t e l l a r  

w e  are n o t  able to f i t  t h e o r e  

a tmospheres  to t h e  o b s e r v a t i o  

the p r e s e n t  t i m e  w e  o b s e r v e  e n  

band width of the order of 10 

s p e c t r o g r a p h  s i m i l a r  to  t h a t  

a ro ta t ing  g r a t i n g .  We scan 

s u c h  ene rgy  curves.  An impor 

we have to  have t h e  instrumen 

I( 

atmosphere f r o m  a s t e l l a r  

a t i o n , )  

l e ,  i f  w e  p l o t  t h e  energy  

r a s ta r  s i m i l a r  t o  the s u n ,  

energy cu rve  f r o m  o n e  or two 

t h i s  p r e t t y  w e l l  i n c l u d e s  

t h e  s t a r .  We have good 

e rgy  d i s t r i b u t i o n  of the  s t a r  

x i s  on down to  the  u l t r a v i o l e t .  

ar that  is e q u a l l y  b r i g h t  

expect t h e  ene rgy  

l i k e  t h i s .  Most of t h e  

l e t ,  I n  o t h e r  words,  w e  make 

h e  spec t rum.  We are n o t  

nergy  d i s t r i b u t i o n .  T h e r e f o r e  

ical  computa t ions  f o r  s t e l l a r  

s w i t h  ay great c e r t a i n t y .  A t  

r g y  d i s t r i b u t i o n s  w i  t h  a 

ngs t roms  by a s c a n n i n g  

h i c h  D r .  Kuperian d e s c r i b e d ,  

cross t h e  spectrum and der ive  

ant f e a t u r e ,  however, is t h a t  

calibrated. We want t o  know 
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what t he  s e n s i t i v i t y  f u n c t i o n  of the  whole i n s t r u m e n t  is, 

a t  any ra te .  I t  is  n o t  so  i m p o r t a n t  to know e x a c t l y  

how many ergs per s q u a r e  c e n t i m e t e r  p e r  second.  We want to  
I 

know t h a t  t h e r e  is twice as much energy  h e r e  as here.  For 

terrest ia l  observations, t h i s  is s i m p l e  i n  a way. I t  is an  

ex t r eme ly  d i f f i c u l t  p r o p o s i t i o n ,  b u t  a t  least  w e  can  

o b s e r v e  some s t a n d a r d  r a d i a t i o n  source ,  and  then  o b s e r v e  t h e  

stars. 

F o r  o b s e r v a t i o n s  i n  t h e  u l t r a v i o l e t  fmm a s p a c e  

v e h i c l e ,  w e  are g o i n g  t o  have to calibrate t h e  i n s t r u m e n t  

and then hope that t h i s  c a l i b r a t i o n  eremains o r  b u i l d  i n  

some way of check ing  t k c a l i b r a t i o n .  Now, there is one b u i l t  

i n  way €or check ing  the  c a l i b r a t i o n ,  and t h a t  is to keep  

g o i n g  back to  the same s tar .  S i m i l a r l y  w i t h  bandwidths 

of the order of t e n  angs t roms one c a n  measure t h e  

i n t e n s i t y  of the emiss ion  l i n e s  and d i f f u s e  n e b u l a ,  and 

f r o m  these l i n e s  p o s s i b l y  de t e rmine  t h e  t e m p e r a t u r e s  of 

t h e  nebu la ,  d e n s i t y ,  a n d  p o s s i b l y  someth ing  a b o u t  t h e  space 

d i s t r i b u t i o n  of the  gasses, too,  the non-uniformity d e n s i t y  

of the d i s t r i b u t i o n .  Bu t  what w e  are n o t  able to  do i n  

t h i s  case is s e p a r a t e  v e r y  w e l l  the  effects  of d i f f e r e n t  

chemical compos i t ions  from effects  of t empera tu re  and 

d e n s i t i e s .  There is some of t h e  order of 100 emiss ion  l i n e s  

t h a t  you would expect f r o m  t h e  r e g i o n  of 1,000 angs t roms 

to 3,000 angstroms t h a t  would g i v e  you a great deal of 



l e v e r a g e  o n  t h i s  problem, So 7 

same k i n d  of o b s e r v a t i o n s  w e  hr 

from 1,000 angstroms t o  3,000 

t h a t / c o n s i d e r a b l e  amount be lea  

a m u l t i c o l o r  photometry.  By w 

lambdaof t h e  order  of 100 a n g s t  

i s o l a t e  t h e s e  bandwidths w i t h  

r e s p o n s e ,  of d e t e c t o r s  and f i l  

t h e n ,  t o  s k e t c h  i t  rough ly  w e  

four s i m u l t a n e o u s  measurements 

from the  u l t r a v i o l e t  w i t h  f o u r  

a 

We are l o o k i n g  down 

the four mirrors and the focus  

to t h e  s ide  here through d i a p h  

I i l t e r s  t h a t  w e  can  change t o  

I t TI:: ant1 p r o j e c t  an  image of t 

t o  a p h o t o m u l t i p l i e r .  Then t h  

the  a c q u i s i t i o n  of t h e  s t a r  o r  

the  measurements.  The procedu 

t h i s .  When w e  are h u n t i n g  f o r  

a s e t  of so la r  aspect ce l l s  t h  

between the  o p t i c a l  axis  of t h  

o f  t h e  s u n  to,  l e t  u s  s a y ,  one  

t h e  telescope is p o i n t i n g  some 

s c a n  around w i t h  t w o  of these 

1.9 

3 would like to carry out  tlic 

r e  been making i n t o  the  r e g i o n  

ngstroms. I n i t i a l l y ,  w e  thought  

ned from wider bandwidths, 

d e r  band widths I mean de l ta  

D m s ,  and  t h a t  w e  could  probably 

Dmbinat i o n s  of the spectral  

ers. I n  s u c h  a pho tomete r ,  

ave managed p e r h a p s  ge t t ing  

i n  f o u r  d i f f e r e n t  wave leng ths  

s e p a a t e  off-axis p a r a b o l o i d s .  

t t h i s  d e v i c e .  Here are 

for each one is brought  o f f  

agms t h a t  w e  can  change and 

small mirror w i t h  a f i e l d  

e t e l e s c o p e  o b j e c t i v e  on  

s sys t em would i n c l u d e  both 

t h e  f i n d i n g  of %he object  and 

e would work someth ing  l i k e  

the s ta r ,  w e  would i n c o r p o r a t e  

t would t e l l  u s  t h e  a n g l e  

telescope and the  d i r e c t i o n  

degree. Then w e  know t h a t  

h e r e  i n  t h i s  one degree cone ,  

h o t o m u l t i p l i e r s  o p e r a t i n g ,  w i t h  
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one  degree diaphragms, one of them a ye l low f i l t e r  and one o f  

them a b lue  f i l t e r .  So i f  w e  ge t  a d e f l e c t i o n ,  t h i s  is a 

s tar  somewhere i n  t h i s  one degree cone.  We have measured t h e  

b r i g h t n e s s  i n  t h e  ye l low and the  color ,  t h i s  yel low-blue 

base l i n e ,  t h i s  is s u f f i c i e n t  to  t e l l  u s  the  name of t h e  s ta r .  

Then w e  would p u t  i n  a dianhragm of t h e  order of f i v e  minutes  

of arc, and a t t e m p t  to c e n t e r  t h e  s tar  i n  t h i s  diaphragm 

and then  w e  are ready  t o  make t h e  o b s e r v a t i o n s  i n  which 

case a l l  f o u r  ce l l s  are o p e r a t i n g  at  f o u r  d i f f e r e n t  u l t r a -  

v i o l e t  bandwid%hs; w i t h  10 minu te / a rc  diaphragms. 
of 

Now, i f  w e  wanted to  obse rve  e a r l y  type  hot  stars 

w i t h  10 i n c h  mirrors and,  l e t  u s  s a y ,  something l i k e  10 

per c e n t  e f f i c i e n c y  f o r  the  o p t i c s  and  a a0 p e r  c e n t  quantum 

e f f i c i e n c y ,  as some kind of g u e s s ,  w i t h  100 angstrom band- 

wiathand a s tar  t h a t  is s i x t h  magnitude pho tograph ic ,  w e  

would be d e a l i n g  w i t h  something of t h e  order o f  3,000 

p h o t o e l e c t r o n s  p e r  s econd  o r / s i g n a l  to  n o i s e  ra t io  of the  
a 

order of  50 t o  60 for  a measurement i n  one second.  T h i s  of 

c o u r s e  is a guess. The purpose  of the experiment  is to 

r e a l l y  f i n d  out how good the g u e s s  of the number of 

e v e n t s  is. Therefore, s i n c e  w e  real ly  d o n ' t  know how 

b r i g h t  t h e s e  objects would be, and w e  would l i k e  t o  work 

o v e r  a range  of d e n s i t i e s ,  w e  would l i k e  to have a dynamic 

r ange  of t h e  order of 10 to the s i x t h ,  and w e  would l i k e  to 

ach ieve  a one per c e n t  accuracy  i n  the measurement. 
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Now, w e  have imag ine  perhaps doing  i t  i n  t h i s  

manner. F i r s t  of a l l ,  w h i l e  y u are s e a r c h i n g  you would have 

t h e  s i m p l e  photometer  i n  which 

to  have cont inuous  t r a n s m i s s i  of data so that  as you pass 

o v e r  t h e  s tar  you know r i g h t  n t h a t  you have the  object .  

So t h a t  w e  have imagined some s t e m  of t h i s  sor t .  

L e t  u s  s a y  here is of the photometers .  W e  

would u s e  t h i s  photometer  to erate a n  a u d i o o s c i l l a t o r  and  

a c t u a l l y  t w o  fo r  each of the  tometers; one t h a t  would 

g ive  the  g a i n  of the amplif ie  nvolved i n  t h i s  photometer 

and a n o t h e r  t h e  c o u n t s .  For ample, suppose w e  p r e s e n t  

t h i s  i n  an analogue way. H e r  s a d e f l e c t i o n  from the star.  

I f  t h i s  d e f J e c t i o n  exceeds  80 r c e n t ,  then  w e  change i t  

a g a i n  by a factor of t e n .  I f  e d e f l e c t i o n  drops back down 

to the order o f  30 p e r  c e n t ,  the  g a i n  changes.  That is, 

the  g a i n  is going to be c o n s t  o v e r  t h i s  range  from 30 t o  

80 p e r  c e n t .  So w e  would g i v  e g a i n  of the  a m p l i f i e r  

and the d e f l e c t i o n  w i t h  t h a t  . Then t h i s  w u l d  be s e n t  

out  w i t h  a n  FM t r a n s m i s s i o n .  n w e  are a c t u a l l y  making 

the o b s e r v a t i o n s  w i t h  the os ator,  p u l s e  shaker,  

w e  count  t h e  p u l s e  and s tore ,  re are t w o  b i n a r y  c o u n t e r s  

f o r  t h e  g a i n ,  and t h e  d e f l e c t  , w e  can s tore  t h e s e ,  

pe rhaps  w i t h  a t a p e  recorder, t r a n s m i t  t h e  p u l s e s  

d i r e c t l y .  

I t  is some sys tem 1 t h i s  t h a t  w e  imagined f o r  

case the band as f a r  as t h e  

. I  
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s e r v o  l o o p  i n  f i n d i n g  the s tar ,  i t  means t h a t  t h e  p r e s e n t a t i o n  

of t h e  data a t  t h e  ground s t a t i o n  h a s  t o  be q u i t e  f a s t  and 

e f f i c i e n t .  We want to be ab le  to make a dec is ion  r i g h t  now 

i n  order to center  t h e  s t a r  i n  t h i s  diaphragm. 

Now, the next  l og ica l  e x t e n s i o n  is to narrow 

the  bandwideh and a l a rge r  c h o i c e  of  bandwidths, . which 

leads u s  to  a s p e c t r o g r a p h  s imilar  to  t h a t  described by Dr. 

Kuperian.  The one f e a t u r e  t h a t  I migh t  p o i n t  out is t h i s .  

From the standpoint o f ,  l e t  u s  s a y ,  gu idance  f o r  a g i v e n  

a s t r o n o m i c a l  problem, s p e c t r o p h o t o m e t r i c  problem, a 

p e r t i n e n t  q u a n t i t y  is t h e  r a t i o  of t h e  a n g u l a r  p a t c h  of 

the  s k y  which you c a n  t a k e  i n  w i t h  y o u r  e n t r a n c e  diaphragm 

or sl i t  to t h e  s p e c t r a l  r e g i o n  you c a n  i s o l a t e ,  ra t io  of 

a n g u l a r  r e s o l u t i o n  to  spec t ra l  r e s o l u t i o n .  \\‘e m u l d  l i k e  

t h i s  number t o  be as large as p o s s i b l e .  If for  a g i v e n  

s p e c t r a l  p u r i t y  w e  cou ld  t a k e  a v e r y  large p a t c h  of t h e  s k y ,  

then  as long as the s k y  background is n o t  c a u s i n g  

d i f f i c u l t y ,  i t  means t h a t  your  p o i n t i n g  accu racy  is n o t  

as h igh ,  t h e  r e q u i r e m e n t s  fo r  p o i n t i n g  are n o t  as h igh  

p r o v i d i n g  you meet t h i s  ra t io .  T h i s  is  j u s t  a f u n c t i o n  

of t h e  a n g u l a r  d i s p e r s i o n  of t h e  g r a t i n g ,  the a n g u l a r  

d i s p e r s i o n  of t h e  g r a t i n g  and the  r a t io  of t h e  diameter 

of the collimatan to  t h e  d i a m e t e r  of the t e l e s c o p e .  The 

bigger t h e  bundle  of l i g h t  you t a k e ,  t h a t  is the  bigger 

the g r a t i n g  and c9lli=tQrJ t h e  l e s s  a c c u r a t e l y  you have t o  



p o i n t  t h e  t e l e s c o p e .  The h ighe  

u s  see,  t h i s  is &i;ans per an 

d i s p e r s i o n ,  the  less a c c u r a t e 1  

t e l e s c o p e .  

QUESTION: Do these 

or are they  a l l  p o i n t  s o u r c e s ?  

DR. CODE: These con 

both  p o i n t  s o u r c e  and nebula .  

moment -- w e  are p o i n t i n g  a t  a 

the slit ,  how wide a n g u l a r l y  c a  

have to  hold the star w i t h i n  t 

DR. ROMAN: Could we 

a f f i l i a t i o n ?  

MR. WHITNEY: My nax 

Ram0 and Woolridge. 

DR. CODE: The r e a s a  

are go ing  to h e a r  about  r e q u i r  

r e s o l u t i o n  g r e a t e r  than one an 

o r  so.  Thus, i f  w e  are go ing  

angstroms,  t he  p o i n t i n g  accura 

times l e s s  than i t  would be f c  

t e n t h  of an angstrom r e s o l u t i c  

T h i s  k i n d  of s p e c t r a  

h igh  a demand on p o i n t i n g  o r  a 

that one wants  to s to re .  I t  F 
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t h e  angu la r  d i s p e r s o n  -- let 
st rom, the  h i g h e r  t h e  a n g u l a r  

you have to  p o i n t  your  

ackgrounds d i f f u s e  i n t e n s i t y  

i d e r a t i o n s  would app ly  to 

L e t  u s  t h i n k  of i t  f o r  a 

star,  how wide can w e  make 

w e  mke the slit? Now w e  

is slit width.  

have your  name and 

is Whitney w i t h  Thompson, 

I mention t h i s  is that you 

ments f o r  a n g u l a r  

strom, a t e n t h  of a n  angstrom 

o have a bandwidth of t e n  

y r e q u i r e d  is one hundred 

any sys tem r e q u i r i n g  a 

. 
hotometry does n o t  p u t  as 

so upon the l e n g t h  of  t i m e  

ts t h e  same requi rement  o n t h e  
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amount of data t h a t  one is hand l ing  as the  h i g h e r  r e s o l u t i o n  

exper iments  you w i l l  hear a b o u t .  So i f  you p r o v i d e  a s tab le  

platform t h a t  w i l l  t a k e  care of that, t h e n  t h i s  problem is 

a d e q u a t e l y  taken  care of .  

DR. ROMAN: I i n v i t e  d i s c u s s i o n s  of t h e  Wisconsin 

experiment. 

MR. FRIDGE: (Uni ted  Aircraft  C o . )  I d id  n o t  

unde r s t and  why you were u s i n g  f o u r  mirrors  which have to  

be a l i g n e d  c a r e f u l l y  and ma in ta ined  t h a t  way fo r  a l o n g  

t i m e .  Why n o t  a s i n g l e  mirror?  

DR. CODE: Because in t h i s  case they  do n o t  have to  

be m a i n t a i n e d  to  get  them to f o c u s  i n  one p l a c e .  F i v e  

minu tes  of arc is  n o t  a v e r y  s e r i o u s  r equ i r emen t .  

MR. FRIDGE: W i l l  t h a t  m a i n t a i n  the  s p e c t r a l  

accuracy?  

DR. CODE: The band width is be ing  ma in ta ined  by 

the  t r a n s m i s s i o n  of f i l t e r s  and s p e c t r a l  r e s p o n s e  of t h e  

r e c e i v e r .  W e  are j u s t  t r y i n g  to col lec t  l i g h t  i n  a p r e t t y  

b ig  h o l e .  So i t  does n o t  have s e v e r e  r e q u i r e m e n t s  on  t h e  

c o l l i m a t i o n  of t h e  o p t i c s .  Th i s  way you i n t m d u c e  t h e  

least  number of d e f l e c t i o n s .  

MR. FRIDGE: A r e  t h e  p a t h s  w e l l  s e p a r a t e d ?  

DR. CODE: I d o n ' t  know p r e c i s e l y  how t o  i so la te  

t h e  spectral  regiom t h a t  I a m  i n t e r e s t e d  i n  as y e t .  There 

are w a y s  dij doing i t  now. There may be be t te r  ways s i x  
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months f r o m  now. They would r lap i f  w e  w e r e  to do i t  

r i g h t  now. 

DR. ROMAN: Your a i  s n o t  to have them o v e r l a p ,  

b u t  you are  n o t  s u r e  you can that ,  is t h a t  correct? 

DR. CODE: Tha t  is 

MR. HARNED (Lockhee i l e  & Space D i v i s i o n ,  

P a l o  A l t o ,  C a l i f o r n i a ) :  Do I stand y m  are i d e n t i f y i n g  

t h e  stars by making a photog measurement i n  

terms o f  your  color index  a n  i n i n g  what s tar you 

are looking a t  from t h i s ?  

DR. CODE: P l u s  t know t h e  a n g l e  between 

t h e  sun  and the  s ta r  to o 

MR. HARNED: You n i t i a l  one degree area. 

You can d e t e r m i n t  from t h i s  tb p o i n t  you a re  on? 

DR. CODE: Pardcn? 

MR. HARNED: You mine e x a c t J y  what s tar  

you are on, a f t e r  y m  have o u t  t h e  one degree  

region? 

DR. CODE: I kn 

band one degree  wide. The he b r i g h t n e s s  of t h e  

s ta r  and its color. I f  t h  b r i g h t  enough t h i s  is 

q u i t e  unambiguous. 

DR. ROMAN: Any 

DR. KUPERIAN: C 

range  your  t e l e m e t e r i n g  d 



26 

DR. CODE: Well, t e n  t o  t h e  s i x t h  is what  we wanted 

t o  c o v e r .  But w e  have c o u n t e r s  t h a t  get  u s ,  w e l l ,  s u f f i c i e n t  

data f o r  t e n  p e r  c e n t  a c c u r a c y  a c t u a l l y .  I t a l k e d  a b o u t  

t w o  c h a n n e l s ,  one for the g a i n  of the a m p l i f i e r s  and one 

for  t h e  c o u n t s .  These were a 10 stage b i n a r y  c o u n t e r  and 

a f o u r  stage b i n a r y  c o u n t e r ,  a f o u r  stage b i n a r y  c o u n t e r  

that  records t h e  g a i n ,  and a 10 s tage b i n a r y  c o u n t e r  for  

t k d e f l e c t i o n s .  That  i s  more than  adequa te  f o r  dynamic 

range of ten to t h e  s i x t h  a n d  o n e  p e r  c e n t  accu racy .  

DR. KUPERIAN: T h a t  is  o n e  per c e n t  everywhere .for 

t e n  t o  the s i x t h  accuracy?  

DR. CODE: Tha t  is r i g h t .  

DR. KUPERIAN: T h i s  data is s i m u l t a n e o u s  on  f o u r  

chan ne 1 s ? 

DR.CODE: That  is r i g h t .  

DR. KUPERIAN: And i t  could  be stored? 

DR. CODE: I t  can  be s tored .  W e  had imagined 

t h a t  t h i s  s y s t e m  adds c o n s i d e r a b l e  redundancy,  too, Perhaps 

one of these c h a n n e l s  f a i l s .  You have three of them or 

two of them working. P e r h a p s  t h e  storage sys t em f a i l s .  You 

can s t i l l  g e t  the data p u l s e s  d i r e c t l y ,  or, l e t  u s  imagine 

t h a t  the  gu idance  goes haywire ,  and you r e a l l y  d o n ' t  know 

where you are p o i n t i n g ;  you can  p u t  t h i s  on  t h i s  c o n t i n u o u s  

data t r a n s m i s s i o n  t h a t  yau u s e  t o  f i n d  t h e  s ta r .  Then you 

j u s t  sweep t h e  s k y  and you have to u n t a n g l e  the r e s u l t s  you 



27 

g e t  but you can g e t  some resu 

DR. KUPERIAN: One q u e s t i o n  i n  t h i s  connec t ion .  

I am t r y i n g  to b r i n g  o u t  s o m  n t  t h a t  i t  t ends  to 

g e n e r a l i z e  t h e  sys tem r a t h e r  be specif ic .  Your 

p u l s e  coun t ing  here ,  i n  o t h e  d s ,  you have an even t  you 

wish t o b t a l i z e  i n  some i 

DR. CODE: That  is t .  We want to  code i n  some 

way. We don ' t  w a n t  to send every  p l u s e .  

DR. KUPERIAN: I n  words, i t  is d i g i t a l  d a t a  

or p u l s e  d a t a .  

DR. CODE: You st f w i t h  a DC a m p l i f i e r ,  a 

c u r r e n t  device, and then  co i t  t o  d i g i t a l  i n  t h e  scheme 

t h a t  w e  have imagined, and 1 pe rhaps  as much for  

getting through the  n o i s e  a t i n g  t h e  s i g n a l  down. 

DR. KUPERIAN: ome sor t  of c u r r e n t  

i n t e g r a t o r  that p u t s  o u t  after you have i n t e g r a t e d  

so much. You speak  l i f  y ing  equipment . 
DR. CODE: There  ocking  osc i l la tor  whose 

p u l s e  rate is determined  b age o u t p u t  from t h i s  100 

p e r  cent  feedback DC ampli  

DR. KUPERIAN: S no t  a t i g h t  c u r r e n t  

i n t e g r a  t i o n .  

DR. CODE: Tha t  

DR. FOSTER (ARC) a coup le  of q u e s t i o n s .  

You i n t e n d  u s i n g  t h e  same for  t h e  UV as f o r  t h e  
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red, r a t h e r  b l u e  and ye l low i d e n t i a c a t i o n ?  

DR. CODE: Two of  t h e s e  p h o t o m u l t i p l i e r s  would be 

t h e  p h o t o m u l t i p l i e r s  i n  a l i t h i u m  f l u o r i d e  bo t t le ,  and they 

would n o t  g o  as f a r  t o  t h e  u l t r a v i o l e t  as the other t w o .  

Two detectors are capab le  of obse rv ing  i n  t he  pho tograph ic  

and v i s u a l  region. They are n o t  capab le  of g o i n g  as f a r  

t o  the  u l t r a v i o l e t .  So these t w o  channe l s  are t h i n g s  

l i k e  2500 angstroms f o r  t h e  u l t r a v i o l e t  and 1800 angstroms,  

someth ing  of t h a t  s o r t ,  

DR. FOSTER: I have one other q u e s t i o n .  Then you 

a p p a r e n t l y  i n t e n d  scann ing  i n  t h e  sense of t h i s  range  one 

degree wide, and as that s lowly  goes  across you w i l l  

l ook  a t  the ye l low and b l u e  i n t e n s i t i e s  e0 decide whether 

you want to s t o p  a t  that one or no t?  

DR. CODE: That  is r i g h t .  A c t u a l l y ,  one would 

have t w o  s p e e d s ,  a s l e w i n g  and a s e t t i n g .  You go on 

p a s t ,  you ge t  a d e f l e c t i o n ,  you come back w i t h  a s e t t i n g  

and  t r y  to ge t  t h e  s tar  i n  a h o l e .  

DR. ROMAN: How s l o w l y  do you t h i n k  your slew 

speed  would have t o  be i n  order that you get t he  def lect ion? 

DR. CODE: T h i s  depends on how f a i n t  a star you 

are going to obse rve .  I t  would probably  -- w e l l ,  about  a 

half  a r a d i a n  p e r  minute  mld allow you to  locate the  

second magnitude stars. 

MR. BOLLING (Chance Vought Inc . )  D r .  M i l l i g a n  
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mentioned that storage would h i s  r e s p o n s i b i l i t y  i n  

t h e  experiment .  D r .  Code, h you thought  of the  same 

r e s p o n s i b i l i t y  on storage? 

DR. CODE: I t  is c i n l y  an i n t e g r a l  p a r t  of 

t he  experiment .  This would art  of the package t h a t  

i n c l u d e s  the opt ics .  

MR,BOLLING: On t h  ta t ransmiss ion  have you 

c o n s i d e r e d  the "b i t s"  p e r  s e  01: t h e  band width f o r  

your real  t i m e  t r ansmiss ion?  

DR. CODE: O c c a s i  y I have come up w i t h  such  

numbers. T h i s  does n o t  see be a v e r y  cr i t ical  t h i n g  

from our s t a n d p o i n t ,  namely many "bits" can you hand le .  

This is j u s t  de te rmined  by ng w e  have t o  work on one 

s tar .  

DR. ROMAN: Comin to t h i s  q u e s t i o n  of on 

board s t o r a g e  be ing  t h e  res ili ty  of t h e  exper imenter  , 
I t h i n k  t h i s  is something go ing  to have to work o u t .  

A l m o s t  a l l  of the  experime 1 r e q u i r e  on board storage. 

I t h i n k  t h a t  we w i l l  p r o b  t o  develop  a single 

sys tem t h a t  everyone c a n  i c h  case i t  would no longer 

be the sole  r e s p o n s i b i l i t  expe r imen te r .  On the  

other hand, the experimen r t a i n l y  going  to have t o  

have a p p r e c i a b l e  i n p u t  i n  h i s  sys tem w i l l  be. I 

t h i n k  from t h e  s t a n d p o i n  o n t r a c t o r s  t h i s  is n o t  

an  impor t an t  q u e s t i o n  at n t ,  s i n c e  i t  probably  w i l l  

. I  
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be c o n t r a c t e d  o u t  r e g a r d l e s s  of who does t h e  cont t rac t ing .  

Are t h e r e  0th r q u e s t i o n s ?  

MR. COOK (Space Technology Labs) : I would l i k e  to  

know why the f i g u r e  of 1 ,000  angstroms w a s  decided on as t h e  

lower wavelength l i m i t ,  t h a t  is, a r e n ' t  t h e r e  h o t  s tars t h a t  

have an  energy  below 1,000 angstroms which would be of 

i n t e r e s t ?  A l s o ,  would t h e r e  n o t  be s p e c t r a l  l i n e s  i n  

t h i s  r e g i o n  from stars of i n t e r e s t  which c o u l d  be 

obse rved  w i t h  a spec t rog raph?  

DR. CODE : A c t u a l l y  t h i s  point h e r e  was supposed 

to be about  900 angstroms.  A t  the Lyman l i m i t  912 we 

expect the energy d i s t r i b u t i o n  of stars to  j u s t  d rop  off 

comple te ly .  We expec t  the  i n t e r s t e l l a r  medium t o  be q u i t e  

opaque,  So w e  d o n ' t  expec t  to f i n d  too much. But j u s t  

because of t h i s  p r e d i c t i o n ,  w e  ought  to  t r y  i t .  T h a t  is why 

o n e  of t h e  bandwidths is there. We r e a l l y  would be 

s u r p r i s e d  t o  f i n d  a g r e a t  deal of radiation beyond t h e  Lyman 

l i m i t  912. 

DR. ROMAN:  Do you have a n y t h i n g  to add? 

MR. MILLIGAN: There is also the a d d i t i o n a l  

problem, as some of you may know t h e  r e f l e c t i v i t y  problem 

i n  t h e  u l t r a v i o l e t  is q u i t e  s e r i o u s .  A t  t h e  p r e s e n t  moment 

the p r e s e n t  s ta te  of t h e  art is s u c h  tha t  i f  w e  are going  

i n  t h e  r eg ion  below 1100 angs t roms,  your reflection falls off 

a v e r y  good mirror  d rops  off t o  about  10 p e r  c e n t .  I I n  fac t ,  



you a r e  v e r y  luuky if you can  

w i t h  t h e  fact  t h a t  if you want 

l i t h i u m  f l u o r i d e  looks l i k e  t h e  

i t  h a s  a c r y s t a l  c u t o f f  of 1050 

Of t h e  r e f l e c t i v i t y ,  the  

Of t h a t  s o r t ,  and  t h e  detector 

l i t t l e  b i t .  

DR. ROMAN: The n e x t  
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ge t  10 p e r  c e n t .  T h i s  coup led  

to f l y  a window detector, and 

best one you c a n  u s e ,  

angstroms,  so t h e  combina t ion  

i n t e r s t e l l a r  a b s o r p t i o n ,  t h i n g s  

problem tend  to l i m i t  u s  a 

q u e s t i o n ?  

MR. ANSELM (Beech 

t i o n  of t he  expe r imen t  on n e b u l a r  

i n  v e r i f i c a t i o n  of gas c o n s t a n t s ?  

i n  regard t o  the  d e t e r m i n a t i o n  

v e r y  h i g h  a l t i t u d e .  

DR. CODE: I d o n ' t  

g a s s e o u s  n e b u l a  you are r e f e r r i n g  

MR. ANSELM: Y e s .  

DR. CODE: T h i s  of 

know of an  experiment  -- w e  

n e b u l a  what t h e  s p e e d  of sound 

number of e l e c t r o n s .  

MR. ANSELM: Do you 

. I  

Aircraft): I n  regard to  the por- 

gas m a s s  are you i n t e r e s t e d  

My r e f e r e n c e  would be 

o f  s p e e d  of sound a t  v e r y ,  

q u i t e  unde r s t and .  I n  t h e  

to? 

c o u r s e  i s  a f e a t u r e  -- I d o n ' t  

t h i n k  w e  know i n  t h e  gas 
A 

i s .  We c a n  measure i t  by the 

j a v e  v e r i f i c a t i o n  of i t?  

UNIDENTIFIED: W e  arc 

p r e s e n t  t i m e  on  the a c c o u s t i c s  

DR. CODE: I t  is 

e x c i t a t i o n  of s p e c t r a l  l i n e s  i s ;  

d o i n g  some work a t  the 

, 

p o s s i b l e  t o  t e l l  whether  the 

due t o  r a d i a t i o n  or  
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c o l l i s i o n a l  excitation. T h i s  i t  would be in t ended  t o  e x p l o r e ,  

DR. ROMAN: The n e x t  q u e s t i o n .  

W R .  McCLOSKEY (Aerojet General Corporation) : W i l l  

a copy of t h i s  be made a v a i l a b l e  so t h a t  we d o n ' t  have to 

keep n o t e s ?  

DR. ROMAN: I t h i n k  i t  would be safer f o r  you In 

keep notes on the areas i n  which you are in te res ted .  I doubt 

t h a t  w e  w i l l  be able to  m a k e  t h e  e n t i r e  p roceed ings  available 

to everyone. 

A r e  t h e r e  any o t h e r  q u e s t i o n s ?  If n o t ,  w e  w i l l  

p a s s  on to  t h e  U l t r a v i o l e t  Sky Yapping exper iment ,  by 

the  Smi th son ian  Ast rophys ica l  Observa tory .  W r  . Davis. 

ULTRAVIOLET SKY MAPPING, SMITHSONIAEJ 
ASTROPHYSICAL OBSERVATORY, BY B. DAVIS. 

MR. DAVIS: F i r s t ,  IAe reason  why there  were so 

f e w  of t h e  p r e l i m i n a r y  s p e c i f i c a t i o n  s h e e t s  brought  down 

he re  w a s  t h a t  i t  still  was a rough draft ,  and w e  did not 

want too many obsolete copies d r i f t i n g  around t h r e e  or f o u r  

weeks from now when we get  t h a t  whipped i n t o  shape .  Anybody 

t h a t  does want  t h e  smooth ve r s i an  of t h i s  rough d r a f t  and 

p o s s i b l y  e x t r a  c o p i e s  of the  drawings t h a t  went w i t h  i t  

s h o u l d  w r i t e  t o  u s .  I t h i n k  t h e  a d d r e s s  is on h e r e .  

DR, ROMAN: Perhaps  you had be t te r  read i t ,  

s i n c e  the  ones who do n o t  have t h e  copy w i l l  n o t  have the 

answer. 
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MR. DAVIS: Smithso A s t r o p h y s i c a l  

Observa tory ,  Cambridge 38, Ma h u s e t t s .  Be w i l l  send  out 

c o p i e s  when they  are ready .  

The i n f  ormat icn w e  s t e d  i n  is t h e  same 

as D r .  Code and D r .  M i l l i g a n  i n t e r e s t e d  in, t h e  s p e c t r a l  

i n t e n s i t y  d i s t r i b u t i o n  o f  s ta nd i n t e r s t e l l a r  mat ter .  

There are approxim 10 m i l l i o n  stars b r i g h t e r  

than  magnitude 15 pho tograph ic ,  

DR. ROMAN: For t t h e  non-as tronomers 

w e  might add t h a t  t h i s  is ro 10,000 t i m e s  f a i n t e r  

thancan be s e e n  w i t h  a naked a l i t t l e  less.  
. 

MR. DAVIS: Y e s .  roughly  t h e  l i m i t i n g  

magnitude of a 20 i n c h  t e l e s  k t h  good pho tograph ic  

f i l m  i n  a f e w  seconds  exposu 

These stars have a t u r e  d i s t r i b u t i o n  -- 
number of s tars v e r s u s  tempe i t h  50,000 d e g r e e s  up 

h e r e .  The sun  be ing  about  5 rees, the lower end w e  

d o n ' t  know too much a b o u t  y e  the  numbers are roughly  

l i k e  t h a t .  T h  h o t t e r  stars are ve ry  f e w ,  

p robably  i t  f a l l s  o f f  even m l y  than  t h i s ,  

(Blackboard demons 

MR. DAVIS: Of  cou you get down to  

zero t empera tu res ,  t h e r e  are rs, b u t  i t  is f a i r l y  

f l a t  i n  t h e  area from about  rees to 3,000 d e g r e e s ,  

roughly  e q u a l  number of s ta r  empera tures .  Then 

I 
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these r e a l l y  h o t  ob jec ts  where m o s t  of t he  u l t r a v i o l e t  comes 

o u t ,  where m o 6  t of t h e  l i g h t  comes i n  the u l t r a v i o l e t ,  

there are very  l imi t ed  numbers. When we s t a r t  p o i n t i n g  

telescopes at the  s k y ,  t h a t  are s e n s i t i v e  t o  u l t r a v i o l e t ,  

w e  s ta r t  p i c k i n g t p  mainly the ho t  stars and n o t  so much t h e  

cooler ones .  For i n s t a n c e ,  we may have a t e l e s c o p e  w i t h  

a two degree f i e l d  of view s e n s i t i v i t y  i n  t h e  u l t r a v i o l e t ,  

and o u t  of t h e  t e n  or  so stars t h a t  may appear i n  t h a t  f i e l d  

that are s e n s i t i v e  enough to be p icked  up down to the 15th 

magnitude p h o t o g r a p h i c a l l y ,  the  h o t t e r  stars, about  n i n e  o u t  

d t e n  of these w i l l  be down i n  t h i s  d i s t r i b u t i o n  t a i l  of 

hot  stars.  Only one of t e n  or  so w i l l  be as cool as S i r i u s ,  

10,000 d e g r e e s ,  and p r a c t i c a l l y  none w i l l  t u r n  o u t  to be as 

0001 as t h e  sun  i f  p r e s e n t  t h e o r i e s  of as t rophys ics  are 

correct. 

What w e want t o  do is take a look a t  eve ry  s tar  

i n  the sky  br ight  enough to &ow up i n  o u r  s y s t e m ,  see what 

i t  does look l i k e ,  or a t  least  re fer  to  the fact  t h a t  i t  is 

there,  I n  order to do t h i s  i n  a r e a s o n a b l e  amount of t i m e  

w e  can ' t u s e  diaphragms and photocells. We have to u s e  

e i t h e r  t e l e v i s i o n  or photography. For many expe r imen ta l  

r e a s o n s  w e  have dec ided  t ha t  t e l e v i s i o n  is the  answer to  o u r  

problem. Taking photographs ,  or p i c t u r e s ,  r a the r ,  of f i e l d s  

of the sky  abou t  t w o  d e g r e e s  s q u a r e ,  there  are  roughly  40,000 

s q u a r e  degrees i n  t h e  sk i e s ,  so  t h i s  means 10 ,000  p i c t u r e s  
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i n  which color o u r  equipment i s e n s i t i v e .  In t h i s  way, whe the r  

a s L r o p h y s i c i s t s  t h i n k  stars ar  i n t e r e s t  i n g  or n o t ,  at  

least w e  w i l l  have i t  and w e  he ther  i t  is 

i n t e r e s t i n g .  About 9 0  p e r  cen  f o u r  stars w i l l  be ho t te r  

than  10,000 degrees. Hopefu l1  if e v e r y t h i n g  goes r i g h t  

t h e r e  w i l l  be a f e w  of t h e  b r i  e r  stars coming through 

t h a t  are down i n  t h e  cooler t where m o s t  of the  

r a d i a t i o n  does come o u t ,  where can see i t ,  b u t  i n t e r e s t i n g  

t h i n g s  may happen i n  t h e  u l t r  

Taking t h i s  s p e c i a l  t i o n  c u r v e  a g a i n ,  

for  t h e  s u n  t h e  c u r v e  i s  some e t h a t .  For a h o t t e r  

s ta r  s u c h  as S i r i u s ,  t h e  c u r v  more l i k e  that e We 

can o b s e r v e  down to a b o u t  3 , O  oms, These c u r v e s  are 

n o t  q u i t e  drawn i n  r i g h t .  I n  of t h e  s u n ,  w e  have 

c o n t i n u e d  the  cu rve  on down b 0 t o  t h e  ex t r eme ly  

sho r t  wave l e n g t h s .  I n  t h e  c e b r i g h t  stars, t h e r e  

is a t  p r e s e n t  no o b s e r v a t i o n a  t i o n  below t h i s  p o i n t .  

Now,  by these means can  trace t h i s  c u r v e  by 

p u t t i n g  th ree  p o i n t s  on i t ,  o ectroscopic r e s o l u t i o n  

w e  can o b t a i n  t h e  f u l l  curve., i o n  t e c h n i q u e s  w i l l  

p u t  o n  t h e  three p o i n t s  a t  26 m s ,  1900 and 1350. 

I n  a d d i t i o n ,  s i n c e  t e l e v i s i o n  g ive  r e a l l y  a c c u r a t e  

magn i tuda ,  w e  are hop ing  f o r  n t  over a dynamic 

r ange ,  p o s s i b l y  s p l i t  up i n t o  r a n g e s  f r o m  t h e  

n a t u r e  of t h e  beast, a t o t a l  nge of 10 to  t h e  
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f o u r t h ,  a c c u r a t e  t o  1 0  p e r  c e n t .  I f  we were t o  add a 

p h o t o e l e c t r i c  d e v i c e  w e  c o u l d  g e t  dom to  one p e r  c e n t  

accu racy ,  and w e  d o  see p u t t i n g  an e x t r a  t e l e s c o p e  i n t o  

the  platform w i t h  f i v e  m i n u t e s  of arc diaphragm t o  i s o l a t e  

one s ta r  near the c m t e r  of t h e  f i e l d  and look  a t  i t  more 

c a r e f u l l y  i n  s i x  r a t h e r  t h a n  t h r e e  s p e c t r a l  bands .  Each of 

these t h r e e  bands w i l l  be taken care of  by its own 

s p e c i a l  t e l e s c o p e  des igned  f o r  s e n s i t i v i t y  w i t h i n  a f e w  

hundred angstroms of t he  p a r t i c u l a r  band,  So together 

w i t h  t h e  p h o t o e l e c t r i c  d e v i c e  t h a t  adds up t o  f o u r  t e l e s c o p e s  

a l l  of them i d e n t i c a l ,  w i t h  r e f l e c t o r s  e i g h t  i n c h e s  in 

d i a m e t e r , 2 0  i n c h  f o c a l  l e n g t h .  

We also f o r e s e e  adding  a f i f t h  t e l e s c o p e  w i t h  an 

o b j e c t i v e  pr i sm,  no slit  invo lved  i n  t h i s  d e v i c e .  I t  

mere ly  t a k e s  the same f i e l d  and s p r e a d s  t h e  brighter of 

t h e s e  stars i n t o  spectra. T h i s  one w i l l  probably be the  

br ightest  star i n  t h i s  f i e l d .  I t  w i l l  be p r e - s e l e c t e d  for 

t h a t .  So t h a t  maybe t h r e e  stars o u t  of -- w e l l ,  a c t u a l l y  

i t  would be close t o  t h r e e  s ta rs  o u t  a€ a hundred-- w e  would 

g e t  s l i g h t  s p e c t r a  for i t ,  and the reby  cover  the  whole 

s k y ,  g e t t i n g ,  w i t h  the  s e n s i t i v i t e s  we p e r c e i v e ,  p o s s i b l y  

as many as a m i l l i o n  stars i n  t h e  m u l t i c o l o r  p i c t u r e s  and 

about  20,000 stars w i t h  s l i g h t  s p e c t r a .  The exposures  

r e q u i r e d  to ob ta in  t h e s e  s e n s i t i v i t i e s  are t e n  seconds long., 

If e v e r y t h i n g  goes  r i g h t ,  exposures  of one second w i l l  be 
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p o s s i b l e ,  bu t  we t h i n k  we need en seconds exposure to  

o b t a i n  adequa te  s e n s i t i v i t y ,  I order  to s e p a r a t e  close 

double  stars, we want o n e  minu of arc r e s o l u t i o n .  The 

t e l e v i s i o n  image t u b e  is alrea been developed  by 

Wes t inghouse  Research Laborato i n  P i t t s b u r g h ,  and w e  

have developed  t h e  dpt ical  sys i t  is a l r e a d y  unde r  

c o n s t r u c t i o n .  So the f irst  t w o  ponen t s  of the  block 

diaphragm are p r e t t y  much unde 

The aberrations and tube  are matched 

to  g i v e  o n e  minute  of arc reso r .  The r ema in ing  

r equ i r emen t  is t h a t  the i n s t r u  able enough f o r  

t e n  seconds  of t i m e  s o  t h a t  t h  do n o t  b l u r  and 

tha t  w e  know where w e  are p o i n  t h i n k  b o t h  of t h e s e  

r e q u i r e m e n t s  are f a i r l y  w e l l  m if t h i s  diaphragm 

is  t o  be c e n t e r e d  a round a st an  a d d i t i o n a l  

r equ i r emen t  that  w e  be able to by a pre-program 

d e v i c e  e i t h e r  from t h e  ground h e r  way, w i t h i n  f i v e  

minu tes  of arc p o i n t i n g  a c c u r a  have that, i t  is 

v e r y  e a s y  t o  f i n d  o u t  e x a c t l y  as p o i n t i n g  by 

l o o k i n g  a t  t h e s e  p i c t u r e s  a f t e  

One p o s s i b l e  method r telescope w i t h  

t e l e v i s i o n  to s e n d  back abou t  e f i e l d  of t h e  

sky w i t h  s e n s i t i v i t y  the  same on the ea r th  and 

compare i t  w i t h  s ta r  maps. If i t h i n  one degree where 
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t h i s  is by a s t r o p h y s i c a l  t h e o r y ,  w e  can i d e n t i f y  t h e s e  

stars and measure i t  to one minute of arc. 

Then the nex t  s t e p  i n  o u r  sys tem is t h e  TV camera. 

We are f a i r l y  certain now on what w e  need fo r  a TV camera. 

We have done no d e s i g n  wdurk, Some p r e l i m i n a r y  f e e l e r s  have 

gone o u t ,  t h a t  is a l l  so far, on a t e l e v i s i o n  camera to  

d r i v e  t h e  image t u b e .  But l ook ing  a t  t h e  amount of 

i n f o r m a t i o n ,  each  s q u a r e  minute o f  arc i n  a two degree  

f i e l d  has  t e n  possible b i t s  of i n f o r m a t i o n  f o r  t h e  b r igh tness  

of t h e  object i n  that p a r t i c u l a r  space. S ince  w e  do n o t  

know t h a t  w e  are look ing  at stars w e  canno t  u s e  pre-  

r e c o r d i n g ,  because w e  are also i n t e r e s t e d  i n  what t h e  

nebulosities 858 like. . Of course, w i t h  the slit  

s p e c t r a  the  object is spread o u t  i n t o  l i n e s .  O r  i f  t h e y  

are s m a l l  nebulae  w e  might even ge t  a stream of p o i n t s  

r e p r e s e n t i n g  its emiss ion  l i n e s .  There are 144,000 more 

or l e s s  i n  t h i s  s ize  f i e l d ,  144,000 -- t h i s  t h i n g  comes 

o u t  d i f f e r e n t  t h i s  t i m e  t han  t h e  l as t  t i m e  I f i g u r e d  i t  

o u t  -- there are something l i k e  250,000 b i t s  of in fo rma t ion  

c o n t a i n e d  im one of these f i e l d s ,  so t h a t  storage i n  t h e  

s a t e l l i t e  is something w e  have n o t  contempla ted .  We p l a n  

to u s e  l i v e  t e l e v i s i o n  throughout ,  c o n t m l l i n g  i t  from t h e  

ground when i t  is w i t h i n  view a f t h e  s t a t i o n  and  j u s t  l e t t i n g  

i t  sit there f o r  t h e  other 90 p e r  c e n t  of t h e  t i m e  a t  as 

l o w  a power d r a i n  as is f e a s i b l e .  I n  o t h e r  words, merelyhave 
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s o m e  k i n d  of radio r e c e i v e r  at w e  can  command t he  

t r a n s m i t t e r  t he  n e x t  t i m e  ar 

Using t h i s  method i u l d  take abou t  f o u r  months 

to  c o v e r  the e n t i r e  sky, The u n t  of i n f o r m a t i o n  invo lved  

is v e r y  h igh .  W e  need a sca r a t e  of one frame p e r  

s econd ,  We need a 150 k i loc  band p a t h  mere ly  t o  

t ransmit ;  the p i c t u r e  to  t h e  d e  We w i l l  need to  

s t o r e  this i n f o r m a t i o n  o n  t h  i n  8 method t h a t  is 

amenable t o  a u t o m a t i c  comput o t h a t  t h e  as t ronomer  does 

n o t  have t o  do t h e  whole t h i  th p e n c i l  and p a p e r .  

But  i n  t h e  s a t e l l i t e  w e  w i l l  e i t .  From h e r e  i t  goes 

i n t o  the t e l e m e t r y  which is e s p o n s i b i l  i t y of NASA 

and t h e  working g roup ,  u n t i l  e t s  back down to t h e  

ground storage a g a i n  where i es  back to u s ,  

The mechanical  end h i s  to hold t h e  o p t i c s  

t o g e t h e r  r i g i d l y  h a s  n o t  bee ed o u t  i n  d e t a i l .  The 

drawings show how far  i t  is ,  now the d imens ions ,  We 

do n o t  know what type  of h a r  w e  w i l l  be u s i n g  to h o l d  

i t  together .  A l l  t h e  moving t h a t  w e  t h i n k  w e  w i l l  

need are s h u t t e r s  t o  close o the s u n  if i t  comes too 

close, Eve ry th ing  e l se  w i l l  ne by e l e c t r o n  s t a n d a r d s  . 
We also have i n  m i  e spectroscopic slits 

s p e c t r o s c o p y  s i m i l a r  to what f t h e  o t h e r  i n s t i t u t i o n s  

have mentioned,  but have n o t  t h e  d e s i g n  of a d d i t i o n a l  

i n s t r u m e n t s  up to  t h i s  t i m e ,  
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I s h a l l  t r y  t o  answer any q u e s t i c n s  you have.  

MR. DEL DUCA (Ramo-Wooldridge, I n c , ) :  This l o o k s  

l i k e  a lot  of power. Have you any idea of t h e  order  of 

magnitude of the  power? Two, and t h i s  a p p l i e s  to a l l  t h e  

res t  of the p r e s e n t a t i o n s ,  is the  expe r imen te r  g o i n g  t o  

p r o v i d e  any secondary  s o u r c e  of power i n  a d d i t i o n  to  t h e  

p r imary  v e h i c l e  power? T h i r d ,  what k i n d  of a u x i l i a r y  or 

secondary  power are you t h i n k i n g  abou t  i f  you are t h i n k i n g  

about  i t .  

MR. DAVIS: I n  t h e  f i rs t  p l a c e ,  m o s t  of o u r  

power r e q u i r e m e n t s  are motion of t h e  p l a t f o r m ,  t h e  h e a t e r s  

for t h e  t e l e v i s i o n  t u b e s ,  and t h e  t r a n s m i t t e r  power f o r  

t h e  t e l e m e t r y .  These are rough ly  equal  and p robab ly  i n  t h e  

v i c i n i t y  of 10 w a t t s  e a c h  f o r  20 t o  60 minu tes  p e r  d a y .  I 

do n o t  t h i n k  t h i s  r e q u i r e s  add i t iona l  power beyond t h a t  t h a t  

i s  a n t i c i p a t e d  for t h e  s a t e l l i t e ,  

DR. KUPERIAN: How much is t h a t  p a r t  w i t h o u t  

gu idance?  

MR, DAVIS: Tak ing  of f  t h i s ?  

DR, KUPERIAN: Yes, the p l a t f o r m  p a r t .  

MR. DAVIS: J u s t  these t h ~ e e  areas, almost a l l  t h e  

power goes i n t o  t h e  t e l e v i s i o n  heater which t o t a l s  something 

l i k e  t e n  w a t t s .  

DR. ROMAN: Does anyone e l s e  e n v i s a g e  power 

r e q u i r e m e n t s  a p p r e c i a b l y  i n  e x c e s s  of t h e s e ?  



MR, DAVIS: The trar 

g r e a t l y  on what w e  have a t  the 

f i g u r i n g  t h i s  on 60 foot  d i s h  

tre ground is  smaller,  w e  need 

MR,  DEL DUCA (Ram0-H 

v e h i c l e  power2 main power sup$ 

d o n ' t  have  a n y t h i n g  for a t t i t t  

you would l i k e  to just ge t  whs 

expe r imen t ,  do you have a secc 

M R ,  DAVIS: We m u l c  

s o u r c e  i n .  We are n o t  s u r e  WE 

DR, ROMAN: Are you 

l i k e  i t  if you were? 

MR, DAVIS: Yes, 

MR, CHENG (Hughes A j  

your  s l e w i n g  t i m e  between fran 

las t  t i m e  I m e t  yous would be 

seconds  

MR, DAVIS: Y e s .  

MR, CHENG: Does thz 

M?, DAVIS: That  is 

hfR.  CHENG: Could yc 

maybe l e n g t h e n i n g  t h e  experime 

M R o  DAVIS: I f  you c 

t h e  to ta l  f o u r  months by one I 
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mitter  power depends v e r y  

ground r e c e i v e r ,  We were 

n t ennas ,  If t h e  a n t e n n a  on 

o r e  power u p s t a i r s ,  

o l d r i d g e ,  I n c , )  : In case t h e  

y y  goes out s o  t h a t  you 

e c o n t r o l  or gu idance ,  

you can  o u t  of t h e  

dary source contempla ted?  

l i k e  to  p u t  a n u c l e a r  power 

w i l l  be allowed to ,  

ure y o u r  c a t h o d e s  would 

c r a f t  Company) : M r  Davis, 

s ,  I recal l  f a i n t l y  t h e  

omething of t h e  order of 10 

s t i l l  ho ld?  

h a t  w e  are a i m i n g  f o r ,  

p o s s i b l y  a l l o w  a l o n g e r  t i m e  

t somewhat ? 

u b l e  t h a t  t i m e  you m u l t i p l y  

d 8 ha l f  and end up w i t h  s i x  
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months, we would s t i l l  be happy. 

M R .  J O H N  LINDSEY: I was wondering i f  you have 

looked i n t o  t h e  p o s s i b i l i t y  of s t o r a g e  u s i n g  two sys tems -- 
f r a n k l y  I don ' t  know whether t h e  r e s o l u t i o n  i s  adequate  o r  

no t  -- b u t  one a Vidicon where you s t o r e  it t e m p o r a r i l y  

on t h e  photoconductor ,  and second,  a s t a t i c  e l e c t r i c i t y  t y p e  

r e c a l l  which i s  be ing  developed for TV work. 

MR. DAVIS: We have been t a l k i n g  w i t h  RCA about  

t h i s .  They s a y  it l o o k s  hopefu l .  T h i s  would reduce  t h e  

f o u r  months t h a t  w e  need. It would cause  a band width  

d i f f i c u l t y  g e t t i n g  t h e  in fo rma t ion  o u t  i n  t ime when it i s  

ove r  t h e  s t a t i o n .  We would be happy t o  have it bu t  it i s  

not  n e c e s s a r y  for t h e  experiment .  

DR.  ROMAN: Along t h e  same l i n e s  have you 

c o n s i d e r e d  photographic  s t o r a g e ?  Obviously you c a n ' t  u se  

photographic  f i l m  w i th  t h e  i d e a  of r ecove ry ,  bu t  what about  

s t o r a g e  of photographic  f i l m  and scanning?  

MR. DAVIS: We have cons ide red  t h i s .  If s u c h  a 

dev ice  could  be made l l f a i l - s a f e l l  we w3uld e n j o y  v e r y  much 

having  i t .  By f a i l - s a f e ,  I mean when you r u n  c u t  of f i l m  

you can s t i l l  use  t h e  machine, o r  i f  t h e  f i l m  jams, you can 

s t i l l  use  t h e  machine. 

would l i k e  v e r y  much t o  have i t .  Again it i s  not  

n e c e s s a r y ,  bu t  i t  would h e l p  t h e  exper iment .  

If we  can ge t  t h e s e  two p o i n t s  w e  

MR. LINDSEY: I have one t h i n g  which a c t u a l l y  does 



n o t  have any th ing  to  do w i t h  t lis experinlent '1116; :;?wl::c 

Labora to ry  has ked why c u t  off a t  900 

angs t roms.  I am wondering if t h e  answer t o  t h i s  is n o t  

r e a l l y  expediency? W e  know i n  t h e  case of the  s u n  t h a t  

Rense  Colorado, !busey and H i  terreger, AFCRC, have been 

working w i t h  t he  hydrogen 304 l i n e .  I t h i n k  t h e  peop le  

here might  l i k e  to  know if t h e  c o u l d  do i t .  I r e a l l y  d o n ' t  i Technology 

know what t h e  energy  t r a n s m i s s i o n  

peop le  i n  t h e  f u t u r e  might  be 

s h o r t  wave l e n g t h ,  is t h a t  n o t  

MR. DAVIS: I n  r e g a r d  

from t h e  s u n  they  p u t  a n  amazing 

e a r t h  from t h e  s u n ,  b u t  you 

Alpha C e n t a u r i ,  there are rough ly  

p i c k  up w i t h  t h i s  type  of 

w e  know n o t h i n g  a b o u t ,  and w e  

The t h e o r y  of cool stars i n  t h e  

to zero s o  t h a t  w e  c a n ' t  make 

how these stars w i l l  look. Y e s ,  

as f a r  down as w e  c a n  g e t .  

DR. ROMAN: D r .  

i n  your  work, i n  t h e  fa r  

t h i s  q u e s t i o n ?  

DR. SAVEDOFF ( U n i v e r s i t y  

I 

might  be, b u t  I t h i n k  t h e  

i n t e r e s t e d  i n  looking a t  t h e  

t r u e ?  

to t h e  s h o r t  wave l i n e s  

amount of ene rgy  on t h e  

t a k e  t h e  next  nearest  Star, 

f o u r  l i n e s  t h a t  w e  c o u l d  

s e n s i t i v i t y .  You t a k e  stars t h a t  

c a n ' t e v e n  make g u e s s e s .  

u l t r a v i o l e t  is p r e t t y  close 

r e a l l y  e d u c a t e d  g u e s s e s  a b o u t  

w e  w a n t  t o  look a t  them 

Savedof f ,  have y a  gone far  enough 

u l t r a v i o l e t ,  to have comments on 

of Roches t e r )  : We have 

n o t  g o t t e n  v e r y  much f u r t h e r  han w e  h s e  been. We have been . I  
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v e r y  much encouraged i n  u s i n g  o r d i n a r y  t echn iques ,  

s p e c t r o g r a p h s  and f i l t e r s .  The 304 l i n e  is still very  

much shaded by the i n t e r s t e l l a r  hydrogen. I t  l o o k s  

lile t h e  u n i v e r s e  opens up a g a i n  somewhere at a hundred 

angstroms and lower. W e  are v e r y  d i scouraged .  When you 

t h i n k  o f  working a t  one angstrom, you c a n  use  t he  

p l a t inum re f lec tor .  You have to  be w i t h i n  o n e  degree  of 

t h e  p l a n e  of t h e  mirror i n  order t o  get r e f l e c t i o n .  That  is 

a h o r r i b l e  r equ i r emen t .  

DR. DAVIS: W e  are  l ook ing  i n t o  the u s e  of zone 

p l a t e s ,  also. They s ta r t  g e t t i n g  v e r y  d i f f i c u l t  to make 

when you get  below 50 angstroms,  b u t  w e  have hopes t o  u s e  

them . We have hopes of having zone plates  i n  the n e a r  

f u t u r e  that are good down to p o s s i b l y  50 angstroms fo r  

f o c u s i n g  that  way. 

DR. LILLER ( U n i v e r s i t y  of Michigan):  I might  just 

s a y  t h a t  Professor Lawrence A l l e r  at t h e  U n i v e r s i t y  of 

Michigan has  c a l c u l a t e d  some of the  e f fec ts  of t h e  i n t e r -  

s te l la r  medium, and I l i ink he is i n  agreement w i t h  D r .  

Savedoff w i t h  one hydrogen atom i n  a cobic c e n t i m e t e r  

you g e t  q u i t e  a number -- from 912 angstroms, and t h e  Lyman 

wave l i m i t  to s h o r t e r  wave l e n g t h  down t o  100 angstroms 

r ange ,  and below, e v e r y t h i n g  is p r e t t y  w e l l  blocked o u t .  

B e l o w  100 angstroms you w i l l  start t o  see something. But 

between 100 and 1,000 a n g s t r o m ,  s p a c e  s h o u l d  be p r e t t y  b l a c k .  



M R ,  LINDSEY: T h a t  s 

is tha t  w e  are i n t e r e s t e d ,  

DR. ROMAN: But i t  i 

MR. STEIN (Republic 

d e f i n i t e l y  r u l i n g  o u t  t h e  idea 

by t h e  c a p s u l e  t echn ique?  

DR,  ROMAN: My f e e l i  

ex t r eme ly  d i f f i c u l t  t o  oonsidc 

s u c h  a v e h i c l e  w i t h o u t  (a) cha 

d e s t r o y i n g  i ts  f u t u r e  u s e f u l n c  

b a l a n c e  of t h e  i n s t r u m e n t ,  so 

u s e d  i t  would be e x t r m e l y  dif  

w i t h i n  a p a r t  of t e n  to  t h e  t b  

f o u r t h  

Any o the r  q u e s t i o n s ?  

the last of the  s te l la r  exper in  

a recess a f t e r  tha t ,  I w i l l  c 

P r i n c e t o n  U n i v e r s i t y  to d i s c u s  

s p e c t r o g r a p h ,  

HIGH DISPERSIOX 
PRINCETON UNIVE 

DR, ROGERSON: P r i n c  

is i n t e r e s t e d  i n  i n v e s t i g a t i n g  

matter t h a t  e x i s t s  between stz 

now know how to  do i t  is rougk 
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m d s  l i k e  the  a n s w e r  s t i l l  

d i f f i c u l t  to d o ,  

v i a t i o n  C o r p o r a t i o n )  : A r e  you 

D f  r ecove ry  of i n f o r m a t i o n  

j: is t h a t  i t  is  go ing  to be 

r e c o v e r y  o f  a n y t h i n g  from 

; i n g  i ts  o r b i t ,  and t h e r e f o r e  

5 ,  and (b) changing  the  

h a t  even i f  itt c o u l d  be 

i c u l t  t o  r e b a l a n c e  i t  to 

r d  or a p a r t  of t e n  to  t h e  

I t h i n k  then  w e  w i l l  go to  

n t s ,  and then  w e  w i l l  have 

11 on D r .  Rogerson of 

/ h igh  d i s p e r s i o n  s t e l l a r  
a 

STELLAR SPECTROGRAPH, 
SITY, BY DR, J, ROGERSON 

ton U n i v e r s i t y  Obse rva to ry  

p r i m a r i l y  t h e  dark g a s s e o u s  

s .  The best  way t h a t  w e  

y t h e  fo l lowing ,  



46 

F o r t u n a t e l y  w e  have some v e r y  br ight  l P g h t  s o u r c e s  

scattered around space. 

(Blackboard demons t r a t i o n )  

DR. ROGERSON: If t h i s  now r e p r e s e n t s  a c loud ,  an 

accumulation of dark gasseous  matter, which be ing  dark w e  

can no t  see of i t s e l f ,  w e  can  detect  its p resence  by 

i n v e s t i g a t i n g  the  l i g h t  of that star af ter  i t  has passed 

through the gas c loud .  So this now r e p r e s e n t s  o u r  s a t e l l i t e ,  

We w i l l  look p r i m m y  a t  v e r y  br ight ,  v e r y  hot stars, and 

i n v e s t i g a t e  the e f fec t  of these i n t e r s t e l l a r  gas c l o u d s  

on  tha t  l i g h t .  

I t  so happens t h a t  the gadt. c loud ,  has c o n s i d e r a b l e  

effect  except that t h e  effect  is rest r ic ted to  q u i t e  narrow 

wavelength regions. If I draw you once more a b i t  of a 

Qitar spectrum in t h e  u l t r a v i o l e t ,  t h i s  is lambda, and 

t h i s  is energy ,  Hopefu l ly  we might have a v e r y  bot s t a r  

t h a t  has no lines of its own. L e t  me take t h a t  for t h e  

moment. We have some d i s t r i b u t i o n  of energy .  f i a t  t he  cloud 

w i l l  do then  is s u b t r a c t  a rather narrow l i n e ,  in g e n e r a l  

much nar rower  than  any l i n e s  t h a t  t h e  star i tsel f  would 

have i n  its own atmosphere.  

Now, I b r i n g  t h i s  p o i n t  up because i t  means that  

we m u s t  be able to r e s o l v e  t h e  spec t rum w e l l  d o u g h  to see 

t h i s .  Hence our experiment  is concerned w i t h  highdispersion 

spec t roscopy .  So o u r  experiment  t hen  is to look at these 



very b r i g h t  s tars ,  d i s p e r s e  t h  

a n d  i n  some manner t o  detect  t 

case may be,  of l i n e s  which w e  

from atomic s t r u c t u r e ,  molecul  

a t  what p o i n t  of t h e  spec t rum 

w e  do n o t  have t o  s c a n  t h e  e n t  

These l i n e s ,  i f  w e  c 

i n  angstroms t o  g i v e  you an i d  

p r e v i o u s  p r e s e n t a t  i on ,  the wid 

of t h e  o r d e r  o f  a t e n t h  of a n  

t h i n k  something l i k e  a f u l l  f a  

bandwidth t h a t  w e  had b e f o r e  m 

i n  order to detect  t h i s  a b s o r p  

be able t o  r e s o l v e  rough ly  t h e  

t e n t h  of an angs t rom,  

So much for  what w e  

you a l i t t l e  b i t  of what o u r  p 

we would go about  do ing  i t ,  wh 

We have a l i t t l e  b i t  

v e r y  b r i g h t  s o u r c s a n d ,  as was 

b r i g h t  s o u r c e s  are r a t h e r  scar 

I mean i n t r i n s i c a l l y  b r i g h t  so 

close to  them, you could see t 

be v e r y  d i s t a n t ,  By b r i g h t  so 

they  are b r i g h t  i n  t h e i r  u l t r a  

l i g h t s  i n  a spectrograph, 

e p r e s e n c e  or absence ,  as t h e  

have p r e - s e l e c t e d ,  That is 

r s t r u c t u r e ,  w e  p r e d i c t  

hese l i n e s  s h o u l d  e x i s t .  So 

r e  spec t rum.  

n s a y  something about  them 

a to compare t b m  w i t h  the  

h of t h e s e  l i n e s  is pe rhaps  

ngstrom i n  w i d t h ,  which is I 

to r  of t e n  o v e r  t h e  na r rowes t  

n t i o n e d .  Tha t  means t h a t  

i o n  i n  t h e s t a r l i g h t ,  w e  must 

same band p a t h ,  t h a t  is a 

re t r y i n g  to do .  L e t  m e  show 

esent  though t s  are on how 

t t h e  equipment is ,  

o f  a problem i n  t h a t  w e  need 

b rough t  o u t  before,  t h e s e  

e .  When I s a y  b r i g h t  s o u r c e s  

rces ,  t h a t  is i f  you were up 

ey were b r i g h t ,  They might  

rces,  I a m  t a l k i n g  o f  tk fac t  

i o l e t .  They have a larger 
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p a r t  of t h e i r  to ta l  energy i n  t h e  u l t r a v i o l e t  than  i n  the 

v i s i b l e .  For example, because of t h i s  r equ i r emen t ,  t h e r e  

are n o t  too many of .those stars, and i n  order to have a u s e f u l  

i n s t r u m e n t ,  w e  have to be a b l e  t o  u s e  t h e s e  stars even though 

they are q u i t e  fa r  away from u s ,  ad a p p a r e n t l y  rather f a i n t ,  

T h e  upshot  of a l l  t h i s  is t h a t  w e  need a r a t h e r  l a r g e  

a p p e r t u r e ,  n o t  the largest  p r e s e n t e d  today ,  but t he  second 

la rges t ;  24 i n c h e s  is our a p p e r t u r e .  T h i s  i s  a 24 i n c h  

diameter l i g h t  col lector  a p p e r t u r e .  The "F" ra t io  of t h i s  

mirror is, accord ing  to  a l i g h t  d e s i g n ,  F/3. There w i l l  be 

a secondary  mirror, Cassegrain Secondary,  which w i l l  change 

the  o v e r a l l  "F" ratio to  F/20. (See figure) 

The l i g h t  t h e n  is brought  to a focus a t ,  l e t  u s  

say,  t h i s  p o i n t  h e r e  on a slit wi th  a s p e c t r o g r a p h .  The 

e n t r a n c e  slit of t h e  s p e c t r o g r a p h  is of t h e  order of f i v e  

microns ,  v e r y  narrow. You c a n  a l r e a d y  see what s o r t  o f  

r e s t r i c t i o n  t h i s  is going to  make o n  p o i n t i n g  accuracy  if w e  

are n o t  go ing  t o  have t h i s  wander on and off t h e  s l i t ,  

Located down h e r e  roughly  i n  the center of t h e  

g r a t i n g  w i l l  be a concave g r a t i n g .  The whole s p e c t r o g r a p h  

w i l l  be a Rowland type of s p e c t r o g r a p h .  The l i g h t  w i l l  

come down and h i t  t h e  concave g r a t i n g  and form the  spec t rum 

along t h e  edge of the  Rowland c i rc le .  Along the edge behind 

e x i t  slits of the  same width  w e  w i l l  have a ser ies  of 

photo  t u b e s ,  



I might explain why have so  many, I have f o u r  

h e r e .  There is  a c t u a l l y  a f i  o n e ,  b u t  t h a t  is o n l y  f o r  a 

minor p rocedure  e a r l y  i n  the i t i n g  of t h e  s a t e l l i t e  and 

I won'tgo i n t o  that  a t  the m o  t ,  W e  have ,  i n s t e a d  of f o u r  

s e p a r a t e  t u b e s ,  t h a t  is f o r  f separate wave l e n g t h s ,  w e  

have t w o  p a i r s .  Two w i l l  be w h a t  w e  c a l l  t he  f a r  

u l t r a v i o l e t ,  which may go dow fa r  as 800 angstroms 

and may be up t o  1600 a n g s t r o  T k o t h e r  w i l l  go and take 

o v e r  a t  15 to  16 hundred angs  s and go to  3200 angs t roms,  

Why do w e  have t w o ?  comes back t o  t h e  problem, 

how w e l l  c a n  t h i s  t h i n g  be gu once  i t  is up there?  

I t  is q u i t e  p o s s i b l e  t h a t  p e r  g u i d i n g  is impossible. 

Ours w i l l  o s c i l l a t e  back and w i t h  some ampl i tude  

according t o  t h e  s e n s i t i v i t y  e g u i d i n g  and i t  w i l l  

c a u s e  a f l u c t u a t i o n  of t h e  re  ed l i g h t .  That f l u c t u a t i o n  

we are n o t  i n t e r e s t e d  i n .  I n  , i f  w e  ge t  t h a t  

f l u c t u a t i o n ,  i t  w i  11 d i s t o r t  n format ion  g o i n g  to one 

t u b e ,  What w e  are now t h i n k i  is having  t w t u b e s  and 

o n l y  on t h e  ground t a k i n g  t h e  o of the o u t p u t  of those 

t w o  t u b e s  so t h t  as t h e  l i g h  e n s i  t y  is f l u c t u a t i n g  

as i t  comes t o  t h e  znggstrom s f t h e  s p e c t r o g r a p h  i t  w i l l  

a f fec t  b o t h  t u b e s  by t h e  sam or ,  I f  you t a k e  t h e  r a t i o  

t h a t  f a c t o r  cancels o u t .  

That  sys tem is n o t  I t  h a s  been used  s e v e r a l  

t i m e s  a l r e a d y .  So t h a t  e x p l  he t w o  p a i r s  of t u b e s .  
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Now, i n  each p a i r  w e  w i l l  have one which is he ld  a t  

a f i x e d  wave l e n g t h ,  and t h e  o t h e r  w i l l  s can  by t h a t  s p e c t r a l  

l i n e  which I have drawn p r e v i o u s l y .  So t h a t  now as w e  t ake  

the ra t io  w e  hope t h e r e  w i l l  be a d i p  i n  t h e  ra t io  

cor responding  to t h e  d i p  i n  t h a t  s p e c t r a l  l i n e  as t h e  slit  

scans by i t  and t h a t  d i p  w i l l  be a real  d i p  which is i n  the 

spec t rum,  and n o t  a d i p  because t h e  s tar  happens t o  be 

momentarily off  t h e  e n t r a n c e  s l i t .  We p l a n  a l l  of t h i s  

to  be p u l s e  coun t ing  equipment,  t he  o u t p u t  of a l l  of these 

tubes .  I t  i s n o t  c e r t a i n  y e t  whether w e  w i l l  t r y t o  send  

down t o  t h e  e a r t h  t h e  accumulated amount o f  c o u n t s  i n  a 

f i x e d  t i m e  i n t e r v a l ,  o r  whether ,  as Dr. M i l l i g a n ' s  

experiment  xwntioned, w e  might count  up t o  some s t a n d a r d  

number of c o u n t s ,  10,000 or 100,000,  a standard number, 

and then  s imply  telemeter down t h e  accumulated t i m e  t h a t  i.t 

took to gather or  accumulate t h a t  number of c o u n t s .  But 

t he  t i m e  I t h i n k  would be d i g i t i z e d  in fo rma t ion  also for  the  

same problem, t r y i n g  to get down t h e  i n f o r m a t i o n  as 

a c c u r a t e l y  as p o s s i b l e .  

I *  

N o w ,  t h i s  is our 'experiment  . I f  I may t a k e  t h e  

l i b e r t y  of going  a l i t t l e  beyond our experiment  i n t o  the 

s a t e l l i t e  as a whole, because  as w e  have been t h i n k i n g  of 

i t ,  w e  have no t  been able to  disassociate i n  o u r  mind the  

r equ i r emen t s  of t h e  s a t e l l i t e  fmm t h e  r equ i r emen t s  of o u r  

exper iment .  
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DR. IlOnlAN. 1: was g ng  to sugges t  that you do t h i s  

r a the r  b r i e f l y ,  because time r u n n i n g  o n .  

DR. TtOG!?RSON: A l l  g h t ,  '(Yell, i t  is very impor tan t  

B r  us t o  know what s t a r  w e  ar looking  a t  , Even though 

i i Dr. Code's  experiment  he c g e t  a n  i d e a  crf what t h e  

s t a r  is from the  c o l o r  and t h  i n t e n s i t y  w i t h  p r a c t i c a l l y  

no ambigui ty ,  we would l i k e  n a t  a l l .  So we would l i k e  

v e r y  much t o  have e s s m  t i a l l y  finder t e l e s c o p e ,  a t e l e s c o p e  

backed up by a t e l e v i s i o n  whi  would on ly  be o n  as the  

s a t e l l i t e  passed  overhead, and u l d  be a b l e  t o  g i v e  u s  a 

10  by $0 degree  f i e l d .  We f e  t h i s  is ample for  

r e c o g n i t i o n  of cons t e l l a t  ion t e r n s  so t h a t  we c a n  p i c k  

o u r  s ta rs .  

A t  t h e  t ime t h a t  we nd t ha t ,  we hope by d i rec t  

command t o  t h e  s a t e l l i t e  t o  move the  s e l e c t e d  

s t a r  i n t o  the  f i e l d  of our  i 

Now, t h i s  i s  a ra th  f i e l d  t o  g e t  t h i s  aimed 

p r o p e r l y  so we hope then to  h ond t e l e v i s i o n  sys tem.  

There w i l l  be a m i r r o r  a t  t h  i n  our  d e s i g n  w i t h  a 

h o l e  i n  i t ,  t h e  t o t a l  f i e l d  he o r d e r  of a d e g r e e ,  

perhaps  a l i t t l e  l e s s .  Th i s  I d  then  mme o u t  and 

f e e d  i n t o  a n o t h e r  t e l e v i s i o n  s c a l e  t e  l e v i s  i o n  , 
and t h e  f i e l d  h e r e  would sho  What we would then 

a t t e m p t  t o  do ,  as soon a s  w e  t a r  come i n t o  t h i s  

f i e l d ,  we would thtn on ly  l o o  t e l e v i s i o n  and f o r c e  
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t h a t  s t a r  i n t o  t h e  hole.  Once i t  w a s  i n  t h e  h o 4  then 

i t  would  f a l l  on t h e  s l i t ,  and on the  g u i d i n g  mechanism, 

t ha t  is t h e  guid ing  cen te r ,  which is at  t h i s  p o i n t  here .  

T h a t  is, you may h a v e ,  f o r  example, the slit  j u s t  t i l t e d  so 

t h a t  l i g h t  may be taken off t o  t h e  s ide  i n t o  p h d t o m u l t i p l i e r s  

and  give you an error s i g n a l .  So once i t  goes through t h e  

ho le ,  i t  f a l l s  on t h e e r r o r s e n s i n g  device ,  and i t  comes 

back to you people to  do something about  i t ,  and t h e n  b r i n g  

t h e  image back.  

MR. WHITNEY (Ramo-Wooldridge, I n c . ) :  We have n o t  

been able to es tab l i sh  the  a n g u l a r  p o i n t i n g  c o n t r o l  you 

need w i t h o u t  the  diameter of t h e  secondary  mirror.  

DR. ROGERSON: L e t  m e  s a y  w e  want zero p o i n t  
(c  1) 

one  second of arc/for e s s e n t i a l l y  an i n d e f i n i t e  p e r i o d .  We 

erpect t h a t  t h e  s a t e l l i t e  w i l l  n o t  be a v a i l a b l e  to  u s  

excep t  once e v e r y  12  hours, f o r  example. We were t h i n k i n g  

of a polar o r b i t ,  During t h a t  12  hour period w e  would be 

on a s t a r  and obs@rve t h e  e n t i r e  t i m e .  We hope to  have a 

command memory which w i l l  t e l l  these photo  tubes what wave 

l e n g t h  to  go to  and then  s e t  them i n  an au tomat i c  s cann ing  

o p e r a t i o n .  Once t h a t  s cann ing  o p e r a t i o n  had been completed 

s e v e r a l  t i m e s ,  accordirg t o  the  accuracy  t ha t  we a r e  i n t e r e s t e d  

i n ,  t h e n  i t  would  move on  to  the n e x t  l i n e .  So the 

te lesmpe would be i n  o p e r a t i o n  a l l  the t i m e  excep t  d u r i n g  

s e t t i n g  on  a new s tar .  T h a t  in format ion  would be s to red  and 



d i s g o r g e d  when t h e  s a t e l l i t e  4 

c a p a c i t y  is n o t  g rea t  f o r  t h i :  

of the  order  of 10 t o  t h e  f i f  

Now I would l i k e  t o  

a m  runn ing  over.  So perhaps  I 

DR. ROMAN: I would 

first on t h e  p o l a r  o r b i t ,  t h a  

the fac t  t h a t  you are go ing  B 

A l l e n  b e l t  i n  the  p o l a r  o r b i t  

DR.  ROGERSON: Well 

decided how bad that would be 

DR. ROMAN: I have I 

w e  want to s t a y  awqfrom t h e  1 

DR. TRAGESER (Massal 

Technology) : Does your  equip]  

i n  s c a n n i n g  t h i s  & i l e  you art 

a l ignment?  

D R .  ROGERSON: Yes. 

s c a n n i n g  w e  s c a n  slit  w i d t h  b 

con t inuous  mot ion ,  The motio 

whatever t i m e  i t  t a k e s  to g e t  

DR. TRAGESER: How 

MR. ROGERSON: O f  t 

A f t e r  i t  h a s  accumulated thos 

i n t o  storage.  Then t h e  slit 

5 3  

me overhead  The storage 

t y p e  of work, b e i n g  something 

L b i t s  i n  a 12 hour  p e r i o d .  

;o f u r t h e r ,  b u t  I t h i n k  I 

? had b e t t e r  have q u e s t  i ons  

l i k e  to make one remark 

is, have you thought  of  

lave to  @ th rough t h a t  Van 

i t  has come up .  We have n o t  

tor i t .  

l e n t  most of t h e  t i m e  t h i n k i n g  

> la r  o r b i t  for  that  r e a s o n .  

i u s e t t s  I n s t i t u t e  of 

2nt have any moving p a r t s  

moving, wh i l e  making t h i s  

L e t  me s a y  t h i s ,  During t h e  

s l i t  w i d t h .  I t  is n o t  a 

s t o p s .  We i n t e g r a t e  f o r  

LO,OOOcounts, f o r  example.  

Ing does i t  s top? 

3 order of, s a y ,  f i v e  m i n u t e s .  

c o u n t s ,  those c o u n t s  w i l l  go 

i l l  move t o  the  n e x t  band w i d t h  
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and s c a n  a g a i n ,  

t h e  i n t e g r a t i o n ,  b u t  s t e p  by s t e p .  The s teps  are e q u i v a l e n t  

to f i v e  microns  be ing  i n  t h e  s p e c t r a l  r ange  e q u i v a l e n t  to  

a b o u t  a 20th and a 10th of a n  angstrom. 

'0 t h i s  is n o t  c o n t i n u a s  motion d u r i n g  

MR. STAROS (Spe r ry  Gyro Company): D r .  Rogerson, 

do I ge t  t h e  impress ion  from what you say that more than  

o n e  exper iment  is performed in a s i n g l e  s a t e l l i t e ,  yours w i t h  

somebody e l se ' s ,  f o r  example, or would one sa t e l l i t e  be used? 

DR. ROGERSON: I d o n ' t  t h i n k  t h a t  is for  m e  t o  

answer.  There has been a f a i r  amount of d i s c u s s i o n  a l o n g  

those l i n e s .  

DR. ROMAN: I t h i r k  the wig. t h e  program l o o k s  now 

t h e  answer 8 y e s ,  t h a t  t h e r e  w i l l  be more than one  

experiment  i n  t h e  s a t e l l i t e .  T h a t  goes f o r  a l l  t h e  experi-  

ments  which have been d i s c u s s e d .  T h i s  is a p o i n t  I w a s  go ing  

to b r i n g  up l a te r ,  I t  i s  j u s t  as w e l l  to get i t  on  thc3 record 

now. I t  does n o t  look f eas ib l e ,  w i t h  the  number of v e h i c l e s  

t h a t  w e  have a v a i l a b l e  or expect to haR a v a i l a b l e  

for t h i s  progriun, t o  a s s i g n  a s i n g l e  exper iment  per veh ic l e  

and  s t i l l  p r o v i d e  any leeway for backup i n  case of f a i l u r e .  

MR. KERPECHAR (Kearfott  C o . ,  Clifton, N. S , ) :  

Assuming you a re  i n t e r e s t e d  i n  a high p o i n t i n g  accu racy ,  

what i n f l u e n c e  does the aberration of light from the star 

, due to the change crf v e l o c i t y  i n  o r b i t i n g  around 

t h e  e a r t h ,  what i n f l u e n c e  does thakhave o n  your  experiment? 



D R ,  ROGERSON: As f 

I hope t h e  g u i d i n g  w i l l  be su 

there a re  d o p p l e r  s h i f t s  whic 

one of our s l i t  w i d t h s  maximu 

c o u n t s  w e  also s t o r e  t h e  time 

i n  the  o r b i t ,  w e  c a n  take acc 

MR. KERPECHAR: You 

d i sp lacemen t  o n  a selected stc 

25,000 f e e t  p e r  second,  Is y 

fo r  45 minu tes ,  someth ing  l i k  

DR,  ROGERSON: Twel 

MR. KERPECHAR: Wha 

Due to  d i sp lacemen t  on t h e  sp  

the s ta r  move i n a n  i n t e g r a t i a n  

i n t e g r a t i o n  t i m e ?  

DR, ROGERSON: The 

of f i v e  minu tes ,  I would s a y ,  

g o i n g  to be a c t i v e  so t h t  i f  

t h e r e  is a c o r r e c t i o n ,  w e  don 

t h e  s a t e l l i t e  t o  its own d e v i  

DR. ROMAN: What yo 

the  f i n e  g u i d i n g  has to have 

o u t  a l i t t l e  greater  t h 3 n  3 

a b e r r a t i o n ,  

DR, ROGERSON: We a 
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r as t h e  p o i n t i n g  is concerned, 

e i c i e n t  to  take tha t  O u t ,  But 

w i l l  amount to  t h e  ordcr of 

If when w e  s t o r e  o u r  

50 that w e  know where w e  are 

i n t  of t h a t  f a c t ,  

:an ge t  f i v e  seconds  

I i f  you are moving 
of ing 

ir accuracy /po in t /one  second 

t h a t ?  

3 h o u r s .  

is  your i n t e g r a t i o n  t i m e ?  

e r e  of the  s ta r ,  how far would 

period? What is the 

n t e g r a t i o n  t i m e  is of the  order  

I hope tha t  the g u i d i n g  is 

the  image does t e n d  to move, 

t s e t  i t  at o n e  p o i n t  and l e a v e  

e s  , 

are r e a l l y i n g  s a y i n g  is t h a t  

u f f i c i e n t  c a p a b i l i t y  to take 

second o f  arc error due to  

e hoping  t h a t  w e  can  keep w i t h i n  
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that , 

MR, TRIPLETT: The guidance system has t o  track a 

moving target,  I t  means that its maximum rate of motion is 

something of the order of three seconds  of an arc. 

DR, KUPPERIAN: A r e  we t a l k i n g  about  the p a r a l l a x ?  

DR. ROMAN: No, a b e r r a t i o n .  

MR. M N E R  (Martin Company - Space F l i g h t  

D i v i s i o n ) :  Can you t e l l  me how long  your f i v e  micron 

e n t r a n c e  s l i t  is? 

DR. ROGERSON: The accuracy  i n  t h a t  c o o r d i n a t e  is 

I t  can be s e v e r a l  m i l l i -  
across 

no t  n e a r l y  as s e v e r e  as/the slit. 

meters long ,  I would s a y ,  i n s t e a d  of the  f i v e  microns or so,  

a t  l e a s t i n  the one c o o r d i n a t e .  

QUESTION: I have a q u e s t i o n  concern ing  

experiment  management 

DR. R O W :  Could w e  l e a v e  that for a l i t t l e  later? 

I would likethese d i s c u s s i o n s  to relate d i r ec t ly  t o  the 

experiment .  There w i l l  be t i m e  for the other type of 

q u e s t i o n s .  Any more on the  experiment? 

YR. MITCHELL (Boeing Airplane Company) : What is 

the r e s o l u t i o n  you c a n  ge t  f r o m  your secondary mirror for  

g u i d i n g  purposes? 

DR. ROGERSON: I am sorry,  I don ' t  unde r s t and .  

MR, MITCBELL: You i n d i c a t e d  from t h e  expleriment 

you would p rov ide  an eri-orsignal to t h e  guidance .  What so r t  
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of r e s o l u t i o n  c a n  you g i v e ?  

DR, ROGERSON: We assuming t h a t  w e  can g i v e  you 

a s u i  t a b l e  w r o r  s ignal  corres i n g  to a t e n t h  of a second of 

arc 

MR, MITCHELL: I t  t o  be somewhat b e t t e r  than 

a t e n t h  of a second i f  you o i n g  to guide  t h a t ,  

D R ,  ROGERSON: Wh meant is so you can guide  

w i t h i n  t h i s  accuracy I do now whether t h a t  is so4 

A t  P r i n c e t o n  U n i v e r s i t y  we a b a l l o o n  t e l e s c o p e  p r o j e c t  

which w i l l  be going o u t  t h  excuse me, 1961, 

That is  des igned  t o  meet t 

a t e n t h  of a second of arc hoping w e  w i l l  g e t  

p r a c t i c a l  e x p e r i e n c e  on  j u  t h a t  can be done s a t i s f a c t o r -  

i l y ,  A t  p r e s e n t  i t  is a t b bu t  i t  does n o t  seem t o  

be imposs ib l e  t o  p rov ide  i g n a l  t h a t  w i l l  a l l ow 

a good s e r v o  mechanism t o  

a second of a r c ,  

p e c i f  i cs ,  ,to guide  w i t h i n  

MR, CHAMBERLAIN Aircraft Company) : What is 

t h e  s i z e  o f  your g r a t i n g ?  

DR, ROGERSON: be something l i k e  t w o  i n c h e s  

s q u a r e  

DR. ROMAN: An 

MR. HYDE (Amer cal  Company): We a r e  working 

w i t h  f i b e r  o p t i c s  c o n f i g  We a r e  a b l e  t o  take  a 

bundle of  t h e s e  o p t i c a l  i c h  is round a t  one end and 
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r e a r r a n g e  t h e  fibers so t h a t  t hey  are i n  a s t r a i g h t  l i n e  at  

the other end. Mow, t h e  p o s i t i o n i n g  of t h e  star has  y e t  to  

be w i t h i n  the area of t h e  round bundle a t  the  i n c i d e n t  end,  

b u t  as t h e  s ta r  wanders o n  t h i s  round bundle i t  comes o u t  of 

f i b e r s  which are up o r  down i n  d i f f e r e n t  p a r t s  of t h e  e n t r a n c e  

s l i t .  By t h i s  method one  can trade a t i g h t  t o l e r a n c e  i n  

one  dimension and a loose one i n  the o ther  dimension f o r  an 

i n t e r m e d i a t e  t o l e r a n c e  i n  t h e  t w o  dimensions.  Now we don ' t  

have f i be r s  t ha t  work down i n  t h e  far u l t r a v i o l e t .  We c a n ' t  

do t h i s  a t  t h i s  time. But t h i s  might  allow you to  compromise 

from t h i s  v e r y  s e v e r e  t r a c k i n g  requi rement  you have,  because 

of your requi rement  for v e r y  high r e s o l v i n g  power. 

DR. ROGERSON: I would c o n s i d e r  the fact  t h a t  

t he  bundles  are probably  n o t  t r a n s p a r e n t  rather s e r i o u s .  

MR, HYDE: A l l  I a m  s a y i n g  is t h a t  w e  have n o t  

made f i b e r s  o u t  of the materials t h a t  you have to u s e  i n  

t h i s  k ind  of system. We d o n ' t  have any d i f f e r e n t  r equ i r emen t s  

than you do i n  other places fo r  p r o v i d i n g  t r a n s p a r e n t  mtiterisi ls .  

DR. ROGERSON: That is e n t i r e l y  t r u e .  

DR. ROMAN: I t h i n k  t h i s  is a good p o i n t  t o  take a 

recess before w e  go on t o  the so la r  exper iment .  I s u g g e s t  

that  we have about  t e n  minu tes  to  s t re tch  o u r  l egs .  

(Short recess .) 

DR. ROMAN: I t h i n k  now t h a t  w e  see how the  time 

is runn ing ,  i t  is obvious  that w e  w i l l  have to have a sho r t  
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s e s s i o n  t h i s  a f t e r n o o n ,  I t the  arrangement w i l l  be 

that  we w i l l  now go t o  a d i s  i o n  of the Michigan solar  

exper iment"  We w i l l  t hen  ha  d i s c u s s i o n  of t h e  e n g i n e e r i n g  

a s p e c t s  of t h e  o r b i t i n g  obse o r y  and a f e w  br ief  remarks 

on the e n g i n e e r i n g  a s p e c t s  o e exper iments  themselves .  

We w i l l  t r y  t o  break  f o r  l u n  t q u a r t e r  to one I s u g g e s t  

t h a t  w e  reconvene a b u t  t w o  ock ,  Then w e  w i l l  devote  

t he  nex t  p e r i o d  of d i s c u s s i o  t h e  management and 

a d m i n i s t r a t i v e  a s p e c t s  of  t ogram, We w i l l  f i n a l l y  end 

up a f te r  t h a t  w i t h  t w o  movi nd one p r e p w e d  by t h e  

Ames Research Cen te r ,  and t h e r  p repa red  by t h e  Langley 

Research Cen te r ,  o n  t h e  w o r  t has  been done on  guidance 

and s t a b i l i z a t i o n  problems h i s  p r o j e c t .  

I w i l l  now t u r n  t s s i o n  ove r  to  D r -  L i l l e r .  

SOLAR E W E  S,  UNIVERSITY 
OF MICHIGAN, DR. W, LILLER,  

DR. LILLER: I d e l i e v e  I need a b lackboard  

for any th ing ,  so I shal l  s 

F i r s t ,  t e l l i n g  d l i k e  t o  do,  o u r  

exper iments  are e n t i r e l y  

a tmosphere,  because there 

i n  the  p o i n t i n g  system, p 

s p a c e ,  and weight  which 

exper iments  w i l l  /be nee 

to u s e  t h i s  a d d i t i o n a l  

not 
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I have divided the brief description here  that I 

am about t o  gire you i n t o  s i x  d i f f e r e n t  areas. So l e t  me  j u s t  

run down these .  

F i r s t ,  what w e  want to  do. We want to  s tudy 

va r ious  areas, small areas cn the  s u r f a c e  of thd sun. These 

a r e a s  w i l l  have a maximum s i z e  probably of a square minute 

of arc. Remember now t h a t  the  diameter of the sun is a 

l i t t l e  over  30 minutes of arc. These a r e a s  may con ta in  

nothing more than the q u i e t  sun s u r f a c e ,  and w e  may wish t o  

nota thisfor a s tudy  of t he  s o l a r  area from the center o u t  to 

the edge of the limb of the  sun to  see how it v a r i e s  t o  g e t  

i n fo rma t ion  from t h e h i @ *  d i s t r i b u t i o n  of these d i f f e ren t  

types of radiation t h a t  w e  w i l l  look at. 

We w i l l  also be looking a t  e x c i t e d  areas, solar 

f l a r e s p a r t i c u l a r l y ,  sunspots ,  prominences or coronal 

regions which should be f a i r l y  bright i n  cer ta in  r a d i a t i o n s ,  

These areas would be selected i n  advance, perhaps as the 

s a t e l l i t e  is going overhead, and the  s a t e l l i t e  would then 

be programmed to  observe the p a r t i c u l a r  area w h k h  has been 

chosen, and then the equipment w i l l  be s t a r t e d .  

No. 2, the  instruments  t h a t  we w i l l  c a r r y  are 

q u i t e  d i f f e r e n t  from the ones that you have been looking 

a t  so far t h i s  morning. Ins tead  of haviqg a l a r g e  telescope 

w i t h  a small spectrograph attached to  i t ,  we w i l l  have a 

r e l a t i v e l y  large spectrograph wi th  only  a small c o l l e c t i n g  
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s u r f a c e .  The d i ame te r  of o u r  o l l e c t i n g  m i r r o r s  w i l l  be 

measured i n  j u s t  an  i n c h  o r  f o r  t h e  most p a r t  except  
I 

perhaps  f o r e  f a r  W a n d  t h e  r a y  r e g i o n s .  We i n t e n d  to 

have t h r e e  g r a t i n g  spectrome s .  The f i rs t  one w i l l  cover  

the range from 1500 t o  3,000 gstroms w i t h  a p h o t o m u l t i p l i e r  

s cann ing  the spectrum as we a t e  t h e  g r a t i n g .  Secondly,  

a s p e c t r o m e t e r  c o v e r i n g  t h  egion from 500 t o  a l i t t l e  

o v e r  1500 angstroms to  g e t  s o v e r l a p  aga in  w i t h  a 

p h o t o m u l t i p l i e r  o u t p u t ,  and t h i r d  spec t romete r  w i l l  cover  

the r e g i o n  from a l i t t l e  g r e  r than  500 angstroms dom 

to as f a r  as w e  can go. We nk t h i s  w i l l  be under  a 

hundred angstroms down t o  m a  75 angstroms,  aga in  wi th  a 

p h o t o m u l t i p l i e r  ou tpu t . 
The f o u r t h  i r s  t r u  o f  t h e  f o u r  main ones  t h a t  

w e  i n t e n d  t o  have w i l l  be c t r o h e l i o g r a p h  o r  i n  t h i s  

c a s e  c a l l e d  a s p e c t r o h e l i o  , which w i l l  be s e t  on t h e  

Lyman a l p h a  l i n e  of hydrog 1216 angstroms.  An image 

of t h e  sun w i l l  be produce t h i s  r a d i a t i o n  and w i l l  be 

monitored by a v i d i c o n ,  e i  by commaad o r  by s t o r a g e .  

There w i l l  be PO l y  a d d i t i o n a l  small 

expe r imen t s ,  x-ray c o u n t e r  r example, which do n o t  t ake  

up much space  o r  weight ;po  y a second t e l e v i s i o n  r e c e i v e r  

camera w i l l  be used t o  pho ph the  sun i n  o t h e r  

wavelengths ,  pe rhaps ,  than he x-ray r e g i o n s .  T h i r d ,  

t h e  o p e r a t i o n  of tb s y s t e m  be run  something l i k e  t h i s .  

I 
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Each spectrometer w i l l  have two, p o s s i b l y  three, s c a n  speeds .  

The fas t  scann ing  speed  w i l l  g i v e  u s  a total  scan  of t h e  

p a r t i c u l a r  wave l e n g t h  r e g i o n  which that spectrometer is 

i n t e n d e d  to obse rve  i n  a r e l a t i v e l y  sBDort t i m e ,  t w o  minutes ,  

The sun  is br ight .  We c a n  do t h i s  and w e  can get q u i t  e a 

b i t  of in fo rma t ion .  Two minutes  is chosen t o  be rough ly  a 

t e n t h  of a l i fe t ime of a solar  f lare ,  probably  the shortest 

l i v e d  e v e n t  t h a t  we w i l l  obse rve  o n  the sun .  T h i s  s cann ing  

w i l l  r u n  con t inuous ly  as long  as t he  sun  is up above the 

hor i zon  and f a i r l y  w e l l  o u t  of the atmosphere of the  earth. 

So t h i s  w i l l  be r a p i d  s c a n s  back and for th  d u r i n g  the 

o r b i t i n g  t i m e  

There w i l l  be a second speed ,  a v e r y  slow s c a n ,  

one s c a n  per  o rb i t ,  that is,it w i l l  l a s t  of the order of 

45 or  50 minutes ,  t he  l e n g t h  of ti= the s a t e l l i t e  is i n  

s u n l i g h t .  It  is one s c a n  per r e v o l u t i o n  i n  t h i s  case. 

A l l  three spectrometers w i l l  have an arrangement  

such  as t h i s .  A spectroheliometer w i l l  s c a n  r e l a t i v e l y  

s lowly.  I t  can be a number of seconds. T h i s  w e  have n o t  

looked i n t o  e n t i r e l y  y e t .  The t o t a l  number of pictures 

which w e  w i l l  take p e r  orbi t  depends on haw much storage 

c a p a c i t y  we have. T h i s  I w i l l  come back to  i n  jus t  a 

moment 

S e c t i o n  4 &on the  i n f o r m a t i o n  rates that  we w i l l  

be send ing  back and the storagewe w i l l  need.  For a f a s t  s c a n  
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we e s t i m a t e  t h a t  w e  w i l l  have r any one spectrometer s e v e r a l  

hundred b i t s  per second,  i n f o r  t i o n  b i t s  per  second,  o r  a 

total  of about  a m i l l i o n  b i t s  r a complete o r b i t .  T h i s  is 

w i t h  t h e  f a s t  s cann ing  go ing  a the  t i m e ,  The s l o w  scan  w i l l  

no t  g i v e  q u i t e  as much informa on p e r  r e v o l u t i o n .  I t  w i l l  

be about  two t imes  t en  t o  t h e  t h  in fo rma t ion  b i t s .  

The s p e c t r o h e l i o m e t e r ,  t he  t o t  number of b i t s  depends 

on t h e  r e s o l u t i o n  of cour se  t h  we can  g e t ,  b u t  presumably 

i t  would be of t h e  o r d e r  of a l l i o n  informat ion  b i t s  p e r  

scan, We t h i n k  i n  terms of a c t u r e  200 by 200 p i c t u r e  

e lements  wi th  a dynamic range  perhaps  a hundred or 

something of that  s o r t ,  W e  wo d then  have,we roughly  

e s t i m a t e ,  a m i l l i o n  i n f o r m a t i o  b i t s .  As far  as t h e  s t o r a g e  

is concerned ,  we would l i k e  t o  e able t o  s t o r e  t h e  order of 

t e n  t o  the s e v e n t h  in fo rma t ion  its, which is r e d l y  q u i t e  a 

l o t ,  I t  does  not seem impossi  e ,  though i f  we use  t a p e ,  

a l though  of cour se  t h e  moving e e l s  you have i n  a t a p e  

r e c o r d e r  shou ld  be avo ided ,  i f  s s i b l e  So, c o r e  memory 

systems o r  s t o r a g e  t u b e s ,  t h a t  something t h a t  w e  have 

to  look  i n t o  y e t ,  and w e  i n t e n  o do t h i s  w i t h  some c a r e .  

If we can  g e t  t e n  t o  t h e  seven s t o r a g e  b i t s ,  w e  s h o u l d  be 

a b l e  then  to t ake  a number of c t r o h e l i o g r a m s  d u r i n g  one 

o r b i t , o f  t h e  o r d e r  of 1 0  p i c t  perhaps .  We would s e t t l e  

for  l e s s ,  n a t u r a l l y ,  We may to s e t t l e  f o r  l ess ,  

The a c t u a l  p rocedur  We p i c t u r e  an o p e r a t o r  a t  one 
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of the r e c e i v i n g - t r a n s m i t t i n g  s ta t ions on e a r t h  He would 

have a v a i l a b l e  the most recent spectroheliogram or ,  

p r e f e r a b l y ,  if the  s a t e l l i t e  were i n  s u n l i g h t  at  the time it 

went m e r  the  s t a t i o n ,  the  o p e r a t o r  s h o u l d  be a b l e  t o  command 

the s a t e l l i t e  to  s e n d  a p i c t u r e  of t h e  sun  i n  Lyman a lpha  

as i t  a p p e a r s  at t h a t  i n s t a n t .  

i n  the t i m e  which is something less  than a minute ,  and 

he would then have the s e v e r a l  d e c i s i o n s  to make. 

T h i s  would be done presumably 

F i r s t ,  what area of the sun  to p o i n t  a t ,  whether 

i t  be a f l a r e  o r  a sunspo t  o r  j u s t  the  s u r f a c e  of the q u i e t  

s u n ,  o r  o u t  in the corona  somewhere, and we hope t h a t  he w i l l  

be able to p o i n t  t o  the n e a r e s t  minute of arc. We e n v i s i o n  

a conso le  where he  can by s t e p  command have the p o i n t i n g  

a x i s  of the  system move a certain number of minutes  o f  arc 

to the east or  west or n o r t h  o r  s o u t h ,  and t h e n  the  operator 

must make t h e  d e c i s i o n  whether to s tar t  s l o w  scann ing  o r  

fast s c a n n i n g  i n  o p e r a t i o n  or none cat al&, of cour se .  He 

does n o t  have t o  start  i t  a t  that time, So he has b a s i c a l l y  

these t w o  decisions, where t o  p o i n t  and how fm% to  m a k e  t he  

o b s e r v a t i o n s .  Once the p o i n t i n g  a x i s  is located on the 

s u n ' s  d isc ,  the g u i d i n g  shou ld  be of the order of one 

second of arc. The g r a n u l a t i o n  of the s u n ' s  s u r f a c e ,  as 

the P r i n c e t o n  photographs  from the high a l t i t u d e  b a l l o o n s  

have shown, shows t h a t  there is a great v a r i a t i o n  i n  

i n t e n s i t y  across the sun's disc,  and if we are look ing  at  



the  o r d e r  of a squire m i n u t e  of 

i t  f i x e d  on t h a t  squa re  minute  

of arc,  

There would also be 

f o r  t h e  i n f o r m a t i m  to  be s e n t  

ear th ,  

F i n a l l y ,  l i s t i n g  the 

s h o u l d  have ,  w e  s h o u l d  have an 

As I mentiaed, a s t e p  command 

ninute of arc, T h i s  would e n a b l e  

i n t o  the corona, go off t h e  

x-ray or far u l t r a v i o l e t  regions 

there w i l l  be the same a r rangenen t  

a f a s t  o r  s l o w  command. F o u r t h ,  

s can  immediately and  t r a n s m i t  

storage. T h i s  t h e  o p e r a t o r  would 

h i s  choice, H e  would push t h i s  

start 0- first ,  the t r a n s m i t t e r  

t h e  s c a n n e r  would s ta r t  a f te r  

f i f t h  command would be simple 

I f o r g o t  to mention 

the dynamic r ange  w e  would liMe 

to  the s i x t h ,  t e n  t o  the f i f t h  

I t h i &  t h a t  is a l l ,  

DR, ROMAN: A r e  there  

. I  
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a r c .  we would want to  hold 

of arc to about  one second 

i n t e r r o g a t i o n  command, too, 

back and recorded o n  the 

d i f f e r e n t  commaads t h a t  w e  

east-west c o o r d i n a t e  control.  

,with perhaps  60 s t e p s  of one 

the  o b s e r v e r  t o  go o u t  

solar  disc,  and obse rve  i n  t h e  

the  corona  l i n e s .  Secondly 

n o r t h  and s o u t h .  T h i r d ,  

a command t o  s ta r t  a t e l e v i s i o n  

i t  back d i r e c t l y  w i t h  no 

do when he is ready  to  make 

b u t t o n ,  the scann ing  would 

would be tu rned  on ,  and then  

s u f f i c i e n t  warrnup t i m e ,  The 

i n t e r r o g a t i o n ,  

i n  s e c t i o n  4 a c t u a l l y  t h a t  

to be of the  order  of t e n  

wouldbe s a t i s f a c t o r y .  

any q u e s t i o n s  on the  solar 
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experiment? 

MR. STEINMAYER ( B e l l  A i r c r a f t ) :  Dynamic range of 

what? 

DR. LILLER: O f  the order of t e n  to the s i x t h ,  bu t  

tm t o  the f i f t h  would be p r e t t y  good for  our purposes. We 

would l i k e  to  get  a one p e r  c e n t  accurauy on l i n e  i n t e n s i t i e s ,  

I might mention t h a t  the u l t r a v i o l e t  and x-ray spectrum 

of the sun below 1500 angstroms w i l l  be p r imar i ly  b r igh t  

emiss ion  l i n e s ,  f a i r l y  sha rp ,  f a i r l y  discrete, Above 1500 

angstroms i t  would be a dark l i n e  spectrum pr imar i ly ,  

MR. TRIPLETT: You mentioned po in t ing  the v e h i c l e  

t o  one minrrle of arc fmm the ground. You mentioned also 

one t e n t h  of a second of arc. Have you given any thought 

t o  w h a t  detector you m u l d  use to g ive  guidance to one 

second of arc, how t h i s  is used au tma t i ca11y3  
in43 

DR. LILLER: Some of the  po in t / con t ro l s  t h a t  

have been developed at  the Univers i ty  0% Colorado by Ball 

Brothers seem t o  be the  type of t h i n g  tha t  would be needed. 

Whether t h i s  can be pushed to one second of arc I cannot sag. 

MR. TRIPLETT: I w a s  wondering, could you get  Itt 

e f f e c t i v e l y  locked onto p a r t i c u l a r  areas or whether you 

would have to  look a t  a star for r e fe rence ,  o r  some other 

means? 

DR. LILLEB: Twu axes c o n t r o l  would be q u i t e  easy 

where you just lock on the l i m i t  of the sun.  The th i rd  a x i s  
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would be a l i t t l e  more d i f f  t where you would want to 

p i c k  up the  st a r  I suppose would be a l l  r i g h t ,  b o ,  to 

se t  on a sun  s p o t ,  The sun would n o t  move a p p r e c i a b l y  

dur ing  the t i m e  of o b s e r v a t i o  I t h i n k  t h i s  would probably  

be s u f f i c i e n t  a c t u a l l y ,  

DR, ROMAN: Would o b s e r v a t i o n  t i m e  be short enough 

so t h a t  you cou ld  u s e  st r w u l d  t h e  m o t i o n  between 

the  sun  and  s ta rs  be s e v e r e ?  

DR, LILLER: That omething I c o u l d  c a l c u l a t e  

q u i c k l y .  I t h i n k  i t  would a that large.  

DR. ROMAN: A m o t  f a degree a day roughly? 

DR. LILLER: Yes, would be f o u r  minutes  of 

arc an hour ,  something o f  t 

MR, KERPECHAR ( K e  .) C l i f t o n ,  N .  J,): I 

d o n ' t  u n d e r s t a d  why you mus h i s  a c c u r a t e l y  w ~ l l  

you perhaps  review t h i s  p o i  

DR, LILLER: Your s why d o  w e  want  t o  

p o i n t  t h i s  a c c u r a t e l y ?  

MR, KERPECHAR: Y e s  

DR. LILLER: We1 spots are  of t h e  s ize  

o r  even smaller, S o l a r  f l  

MR. KERPECHAR: e sun  then  is 

the  de termining  f a c t o r ,  no the equipmen t u  

DR. LILLER: Th o l u t i o n  is 

g e n e r a l l y  something be t te  
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DR. HELVEY (Rad ia t ion ,  Inc . ) :  Is i t  envisaged t h a t  

i n  t h i s  o b s e r v a t o r y  there w i l l  be senstars i n c o r p o r a t e d  for  

other than e lectr ic  magnet ic  r a d i a t i o n ?  

DR. LILLER: W e  have n o t  i n c l u d e d  t h i s  &is one of the  

pr imary i n s t r u m e n t s .  C e r t a i n l y  I l i s ted  a d d i t i o n a l  equipment 

such as x-ray c o u n t e r s  and so f o r t h  which c o u l d  c e r t a i n l y  

i n c l u d e  p a r t i c l e  d e t e c t o r s ,  too.  I think t h i s  would be 

very v a l u a b l e  

DR. ROMAN: I t h i n k  p r i m a r i l y  we caa s a y  t h a t  t h i s  

p r o j e c t  is n o t  designed for non-electromagnet ic  r a d i a t i o n .  

Any equipment UP that n a t u r e  which m u P d  be carried would 

be d e f i n i t e l y  of a secondary  n a t u r e  which would go a long  

because there w a s  room and because i t  cou ld  u s e  the 

v e h i c l e .  But the v e h i c l e  would n o t  be des igned  t o  c a r r y  it. 

DR. HELVEY: I cou ld  see some very  great 

advantages t o  have a co-incidence in c e r t a i n  operations of 

both. 

DR. LILLER: Very true. 

DR. ROMAN: Any other q u e s t i o n s ?  

MR. GOOD: (RCA As t ro -E lec t ron ic  P r o d u c t s ,  Inc . )  

Would you care to  develop  any more in fo rma t ion  on your  

spec t rohe l iog rams?  For example, how you i n t e n d  to o b t a i n  

the image of the sun ,  what r e s o l u t i o n  you w i l l  f i n d  on 

your TV t ube  and so on? 

DR. LILLER: A v e r y  n i c e  spectroheliogram has been 
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photographed already f r o m  a h a l t i t u d e  rocket by Richard  

Tousey of NRL. H i s  s y s t e m  is i t e  s i m p l e  and w e  i n t e n d  to 

use i t .  I t  is n o t h i n g  more t t w o  concave g r a t i n g s ,  one 

of which forms a slitless spe  urn of t h e  s u n ,  Lyman a l p h a  

being extremely b r i g h t  and t h  fore r e l a t i v e l y  i so la ted  

as f a r  as b r i g h t  r a d i a t i o n s  a concerned.  I t  s t a n d s  

o u t  ve ry  n i c e l y ,  You p u t  a c u l a r  diaphragm o v e r  t h i s  

slitless image, and then  a s e  d g ra t ing  p u t s  i t  back 

t o g e t h e r  a g a i n ,  enlarges and ses o n t o  t h e  v i d i c o n .  

The a c t u a l  r e s o l v i n g  power av b l e  h e r e  is l i m i t e d  s imply  

by t h e ,  or p r i m a r i l y  by t h e  d ter  of  t h e  g r a t i n g s  of 

which t h e  r e s o l v i n g  power s h o  be of t h e  order of a 

second of arc or so.  The u l t  e r e s o l v i n g  power w i l l  be 

s e t ,  I a m  s u r e ,  by t h e  v i d i c o  t s e l f .  So if w e  had 200 

by 200 p i c t u r e  elements, and i l l e d  t h e  sun  up i n  t h e  

screen, i n  t h e  f i e l d  of  view, would have something l i k e  

a t h i r d  of a minute of  arc r e  

MR. HUTTER (RCA A s t  o n i c  P r o d u c t s ,  I n c . ) :  

The t e n  t o  t h e  s e v e n t h  b i t  st mentioned, is t h i s  

s t r i c t l y  storage co r re spond in  s p e c t r o h e l i o m e t e r  

image, r a t k  than  a d d i t i o n a l  on  from t h e  s p e c t r o -  

meters? 

DR. LILLER: T h i s  s s t o t a l  s t o r a g e ,  t he  

s p e c t r o h e l i o m e t e r  i m a g e s  p l u s  n i n g  in fo rma t ion  t h a t  

w e  have 
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MR, HUTTER: Do you expec t  to break this up as t o  

how many b i t s  would be i n  t h e  s p e c l r o h e l i o m e t e r ?  

DR, LILLER: About90 p e r  cen t ,  

MR. MEINEL ( K i t t  Peak Wational Observa tory) :  Are 

v i d i c o n s  s e n s i t i v e  to Lyman a l p h a  o r  are any a v a i l a b l e ?  

DR. LILLER: No, as f a r  as 1 know t h e r e  is none 

available, but  1963 is still a l i t t l e  ways off. 

Li th ium f l u o r i d e  b still f a i r l y  t r a n s p a r e n t  . 
Perhaps  a window can be made. 

DR. ROMAN: Any o t h e r  q u e s t i o n s  on t h e  solar 

experiment? Are t h e r e  any o t h e r  ques tbns  on any of t h e  

experiments?  

BAR. BOROUGH (Boeing Ai rp lane  Company): D r .  

Rogerson, t he  angular f i e l d  view of t h e  s p e c t r o m e t e r ,  i n c l u d i n g  

the  o p t i c a l  sys tem,  w i l l  have a f i v e  '8#eXcm slit? 

DR. ROGERSON: That is one degree .  That w i l l  be 

for the f i n e  TV. 

MR, BOROUGH: The s p a t i a l  a n g u l a r  r e s o l u t i o n  w i t h  

f i v e  micron slit of f o u r  i n c h e s  i n  diameter? 

DR. ROMAN: You mean what does f i v e  mincronsa t  

tSae f o c u s  cor respond to a n g u l a r l y ?  

MR. BOROUGH: I thought  i t  w 8 s  about  e i g h t  a n g u l a r  

seconds.  

DR, ROGERSON: I t h i n k  i t  is on t h e  order of a tenth 

of  a second of arc. 
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MR, TRIPLETT: I t h  

DR. LILLER: Ten t o  

MR. STRAUSS ( A i r c r a  , I n c , )  I am th ink -  

i n g  now of t h e  s t r u c t u r e  whic r t  t h i s  imposing 

a r r a y  af o p t i c s  and t h e  fac t  w i l l  r i s e  and s e t  

on i t  twice eve ry  hour  or so ,  r e  i n t r o d u c e  some 

thermal expans ion .  Which of ments c a n  be 

des igned  i n  some n i c e l y  symme nd whirt.1 c a n  no t?  

DR. LILLER: I migh e r t a i n l y  o p t i c a l  

d e s i g n s  have been d e v i s e d  whe e ,  s a y ,  a s t e e l  

s u p p o r t i n g  member which expan w i t h  increase i n  

t empera tu re  and an aluminum p ch  t h e  mirror sit, 

which w i l l  expand backwards a t t h e  thermal  

e f f e c t ,  I n  t h e o r y  anyway the  f f e c t s  o n  t h e  

f o c u s i n g  can be avo ided .  The changes i n  thermal  

noise  of t h e  p h o t o m u l t i p l i e r ,  

MR. STRAUSS: There ample,  o f f  ax i s  

o b j e c t k i n  many cases. I won t h e  gent lemen who 

have t h e s e  expe r imen t s  have c is symmetry problem. 

DR. DAVIS: Our dep is much l a r g e r  

t h a n  you u s u a l l y  t h i n k  of  for 

DR. ROGERSON: In o 

t h a t  one s i d e  of t h e  s a t e l l i t  

toward t h e  s u n ,  and there w i l  

double  s i l v e r  l a y e r  between t 

. I  
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c o n t a i n i n g  t h e  optics to minimize  j u s t  t h i s  problem. That 

w i l l  g i v e  you one ho t  o r  at  l eas t  w a r m  regicm where you would 

want t o  p u t  the e l e c t r o n i c s  anyhow, and OB v e r y  cold r e g i o n  

which w i l l  be good fc r the  photocells. By cold I mean 

something l i k e  a minus 100 centigrade. 

MR. MEINEL ( K i t  t Peak Na t iona l  Observa tory)  : There 

is a problem common to  a l l  of them t h a t  has  n o t  been 

d i s c u s s e d .  How do YOU r e a c q u i r e  o r  what do you do about  

gu id ing  when your objects are n o t  v i s i b l e  to you? 

DR. ROGERSON: That has  been a great concern  t o  u s  

too. We had hoped to have an a n t i - s t e l l a x s c o p e  tha t  looks 

180 degrees from our p r i m a r y  i n s t r u m e n t  p l u s  o r  minus a 

d e g r e e .  We hope to be a b l e  t o  f i n d  a star  brighter t h a n  

t h e  n i n t h  magnitude t ha t  f u l f i l l s  the requi rement  for  any 

program s ta r  w e  are interested i n .  If the e a r t h  o c c u l t s  o u r  

pr imary  i n s t r u m e n t ,  t hen  the anti, star can take o v e r  

the a c t i v e g u i d i n g ,  The  accuracy  need n o t  be v e r y  great,  

enough so t h a t  w e  can keep i t  when i t  comes around. 

DR. ROMAN: There are o t h e r  p o s s i b i l i t i e s  for  t h i s .  

There are some problems invo lved  w i t h  t h e  a n t i - s t a r .  Some 

other poss ib i l i t i es  that have been mentioned are t h a t  you 

c o u l d  u s e  a gyroscop ic  r e f e r e n c e  system for t h i s  length of 

t i m e .  I n  theo ry  i f  you can  keep your s a t e l l i t e  w e l l  

enough ba lanced ,  you d o n ' t  have to have any a c t i v e  g u i d i n g .  

MR. MEINEL: There is a t o l e r a n c e  r e g a r d i n g  that ,  
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because t h a t  is one  of s s o l u t i o n s ,  

DR. ROMAN: I t h i  e tolerance r e g a r d i n g  i t  is 

t h a t  then  i t  s imply cannot  f f  so  f a r  that the g u i d i n g  

sys tem cannot  l o c k  o n t o  i t  and  start t r a c k i n g .  T h i s  

depends e n t i r e l y  on the g u i  system, t ha t  you have. 

I know t h i s  is s i d e s t e p p i n g  answer,  b u t  I t h i n k  t h i s  

is one  t h a t  you c a n ' t  s a y  u you s p c i f i c a l l y  d e f i n e  

what you %re u s i n g  f o r  g u i  

MR. KIERSTEAD (G r Aircraft Corpora t ion )  : I f  

t h e r e  a re  more than one e n t  i n  a s a t e l l i t e  are w e  

to unde r s t and  t h a t  o n l y  o be run  a t  a t i m e ?  

DR. ROMAN: Yes said,  t h e r e  probably  w i l l  

be more than  one eqer ime s a t e l l i t e .  They w i l l  

o p e r a t e  on a t i m e  s h a r i n g  I do n o t  foresee t r y i n g  

to run  more than  o n e  expe s i m u l t a n e o u s l y ,  

Any ques t ions  o xperiments?  If n o t ,  t h e n ,  

I t h i n k  w e  can  g e t  to t h e  e r i n g  p a r t s  of the program. 

I w i l l  a s k ,  a f t e r  a brief a1 to erect the  s c r e e n ,  

M r .  T r i p l e t t  o f  t h e  Ames h Cen te r  t o  describe some 

a€ t h e i r  t h i n k i n g  on the r i n g  and  to  b r i n g  up t o  

date t h e  e n g i n e e r i n g  p r o  the p r o j e c t .  

ENGINEERING A THE ORBITING 
ASTRONOMICAL OBSE ORIES, NASA AMES 
RESEARCH CENTER e C .  TRIPLETT, 

MR. TRIPLETT: h e a r d  something from t h e  

expe r imen te r s  o f  t h e  t y  ical  equipment and 
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make a f e w  remarks on the e n g i n e e r i n g  a s p e c t s  of t h e  problem. 

F i r s t  of a l l  I might mention what o u r  i n t e r e s t  a t  

the  Ames Research C e n t e r  is i n  t h i s  p r o j e c t .  W e  have 

r e s p o n s i b i l i t y  for doing r e s e a r c h  on t h e  v a r i o u s  e n g i n e e r i n g  

a s p e c t s  of t he  a s t ronomica l  s a t e l l i t e s .  We are also i n  

a p o s i t i o n  to act as c o n s u l t a n t s  b o t h  to Space night 

Develoment and also the i n d u s t r y  and t h i r d l y  w e  w i l l  h e l p  

i n  e v a l u a t i o n  of p r o p o s a l s  and also i n  t he  w r i t i n g  of 

s p e c i f i c a t i o n s  . 
( S l i d e )  

F i r s t ,  t h i s  s l i d e  is t o  i l l u s t r a t e  what some of 

t h e  e n g i n e e r i n g  areas are. They are of prime importance i n  

t h i s  p r o j e c t .  We have about  f i v e  m a j o r  areas here. T h i s  

has  been weighted more h e a v i l y  i n  a t t i  tude c o n t r o l  because 

I t h i n k  t h i s  is one area t h a t  is unique  t o  t h i s  p a r t i c u l a r  

p r o j e c t .  Some of the r e q u i r e m e n t s  you have j u s t  l i s t e n e d  

b as far  as po ink ing  accu racy ,  t h e  a t t i t u d e  c o n t r o l  w i l l  

be s p e c i a l i z e d .  Some of the  areas are common to o ther  

s a t e l l i t e  sys tems.  As fa r  as a t t i t u d e  c o n t r o l  goes, w e  look 

a t  v a r i o u s  sys tem concepts ,  that is, means of producing  a 

c o n t r o l  t o rque .  We have l i s t e d  here f o u r  p o s s i b l e  systems, 

first r e a c t i o n  wheel c o n t r o l ,  motor d r i v i n g  the  f l y w h e e l ,  

which motor w i l l  produce an e q u a l  t o r q u e  on the v e h i c l e .  

T h i s  also may be accomplished by a gyroscope i n  
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which the  f lywheel  t u r n s  a t  co t a n t  speed ,  and a to rque  is 

produced by changing t h e  s p i n  is of t h e  gy ro ,  These a r e  

two p o s s i b l e  schemes i n v o l v i n g  mentum t r a n s f e r .  

A t h i r d  system t h a t  ks promising bo th  f o r  f i n e  

and c o a r s e  c o n t r o l  is t h e  vapo e t  system. T h i s  is a 

v e r y  low p r e s s u r e  g a s  j e t  s y s t  I t  is very  s imple  i n  

concept  . 
The f o u r t h  system he is c o l d  g a s  or h i g h  p r e s s u r e  

j e t  system. T h i s  may be of so use  i n  t h e  i n i t i a l  

s t a b i l i z a t i o n  o f  t h e  v e h i c l e .  

Another i n t e g r a l  par f t he  v e h i c l e  a t t i t u d e  con- 
is 

t r o l / '  error s e n s o r s  The type / s e n s o r s  used  w i l l  

p robably  d i c t a t e  t h e  type of c ro l  you can u s e .  Here a r e  

t h r e e  of  them. 

F i r s t  is t h e  t e l e v i s  for a c q u i s i t i o n  and c o u r s e  

g u i d i n g .  T h i s  is i n  a s e n s e  omensor  The o p e r a t o r  

from t h e  ground u s e s  a v i s u a l  r e  as an i n d i c a t o r  of 

t h e  v e h i c l e  a t  t i  tude  ., 

Second we have t h e  t r a c k i n g .  We a l s o  have 

s ta r  t r a c k e r s  orerpz'or d e t e c t o r  make u s e  of s t a r k  ' 9  

t h a t  a r e  be ing  used i n  the  e 

The t h i r d  area t h a  o r s i d e r e d ,  i n  f a c t  

is one of t h e  most s e r i o u s  a k i n  s p e c i f y i n g  

a t t i t u d e  c o n t r o l ,  is the e f f  r n a l  d i s t u r b a n c e s  on 
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t h e  v e h i c l e .  We know w e l l  of t o r q u e s  due to t h e  e a r t h  

g r a d i e n t ,  due to so la r  p r e s s u r e .  Those appea r  to  be most 

s i g n i f i c a n t .  We also e x p e c t  t o r q u e s  through the  e a r t h ' s  

magnet ic  f i e l d ,  pe rhaps  due t o  t h e  e f fec t  of t h e  e a r t h b  

atmosphere on t h e  v e h i c l e .  These p u t  v e r y  s t r i c t  r e s t r a i n t  

on  t h e  sys tem t o  be able to  track to the accu racy  d e s i r e d .  

8 ,  * I: I n  t h a t  s e n s e  i t  means t h a t  t h e  

v e h i c l e  must be ba lanced  i n  order  to  e l i m i n a t e  t h e  e a r t h ' s  

g r a v i t y  t o r q u e .  I t  must be e a r t h  symmetrical  as p r e c i s d y  as 

p o s s i b l e .  C o n s i d e r a t i m  must be g i v e n  to l o c a t i n g  t h e  

c e n t e r  of p r e s s u r e ,  so la r  c e n t e r  of p r e s s u r e ,  c o i n c i d e n t  

w i t h  t h e  c e n t e r  of m a s s .  I t h i n k  t h o s e  are t h e  t w o  o u t -  

s t a n d i n g  e f f e c t s .  

. .  
a .  

The f o u r t h  conce rn  i n  the a t t i t u d e  c o n t  lo 1 sys tem 

is the d i s s i p a t i o n  of a n g u l a r  momentum. If you u s e  a 

momentum t r a n s f e r  sys t em,  s u c h  as A and B, then some means 

must be c o n s i d e r e d  t o  ge t  r i d  of t h e  momentum t h a t  is f i n a l l y  

s t o r e d  o n  these  c o n t r o l s  -- there are a number of ways t o  do 

t h i s .  

been s u g g e s t e d ,  i t  means changing t h e  i n e r t i a l  character is t ic  

of  t h e  v e h i c l e .  I t  is p o s s i b l e  to  u s e  a j e t  s y s t a n ,  app ly  

an  impulse p e r i o d i c a l  l y .  I th i rk  i n  r e g a r d  t o  the 

e x p e r i m e n t s ,  t he  t i m e  t h i s  o p e r a t i o n  s h o u l d  t a k e  p l a c e  is 

d u r i n g  t h e  time, g e n e r a l l y  v iewing  stars, a t  sometime d u r i n g  

t h e  o r b i t  t h e  s t a r  w i l l  be o c c u l t e d .  T h i s  w i l l  be t h e  

E i t h e r  by u s e  of a solar sa t l ,  ora s l i d i n g  weight has  
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l o g i c a l  time to  remove momentu from t h e  c o n t r o l  wheels so  

t h a t  t h e r e  won ' t  be any undue i s t u r b a n c e  d u r i n g  o b s e r v a t i o n  

p e r i o d s .  T h i s  i m p l i e s ,  then t h a t  the c o n t r o l  wheel should  

have enough c a p a c i t y  t o  las t  one o r b i t  w i thou t  s a t u r a t i n g ,  

We w i l l  come back e a t t i t u d e  c o n t r o l  a l i t t l e  

b i t  l a t e r .  We w i l l  go on t o  o t h e r  a r e a s ,  eng inee r ing  

a r e a s .  

The second a r e a  is power sys tem.  We have 

thought mainly i n  terms of a ar c e l l  system and s t o r a g e  

bat tef ies .  They r e p r e s e n t  a s t  o f  t h e  a r t  development.  

They a r e  a v a i l a b l e .  We have e expe r i ence  w i t h  how they 

work. S o l a r  c e l l s  appear  t o  e r y  r e l i a b l e  and 

r easonab ly  e f f i c i e n t  as long they  c a n  be k e p t  c o o l .  

S to rage  b a t t e r i e s  on t h e  o t h e  nd,  i f  we assume a v e h i c l e  

l i f e t i m e  of one y e a r  and char i s c h a r g e  c y c l e  eve ry  o r b i t ,  

t he  v e h i c l e  w i l l  be i n  darkne a r t  of t he  t ime of eve ry  

o r b i t .  Tha t  means t h a t  t h e  s ge b a t t e r i e s  must have a 

c y c l e  l i f e t ime  of a b o u t  25,OO a rge -d i scha rge  c y c l e s ,  

Now, n i c k e l  cadmiu r a g e  b a t t e r i e s  do have 

t h i s  p o t e n t i a l  . However, t h  r g e  c y c l e  is sha l low.  I n  

o the r  words,  the charg ing  r a t  n o t  t oo  h i g h .  However, 

expe r i ence  has  shown t h a t  a f i c a n t  number of  t h e s e  might 

f a i l  even below a thousand c ng c y c l e s .  So t h e r e  is 

sow problem t h e r e  on r e l i a  of  s t o r a g e  ce l l s .  I t  may 

mean i n  e s sence  an over-des  t h e  whole power sys t em,  
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A t h i r d  area is thermal b a l a n c e ,  Here are some 

v e r y  unique  problems,  n o t  o n l y  i n  regard to the rma l  g r a d i e n t  

across the o p t i c a l  sys t ems  t h a t  were mentioned p r e v i o u s l y ,  

the fact  t h a t  some types  of p h o t o c e l l s ,  pho to  detectors,  must 

be k e p t  v e r y  co ld ,  pe rhaps  minus 100 degrees,  o r  someth ing  i n  

t h a t  order .  Storage ba t t e r i e s ,  o the r  types  of e l e c t r o n i c  

equipment ,  must be w a r m .  Solar c e l l s  must be cool. T h e i r  

e f f i c i e n c y  deter iorates  v e r y  r a p i d l y  w i t h  i n c r e a s e  i n  

t e m p e r a t u r e .  

We have a number of thermal  problems.  Thermal  

problems are compl i ca t ed ;  even though you have a v e h i c l e  

t h a t  p o i n t s  toward t h e  s u n ,  i t  w i l l  be i n  d a r k n e s s  p a r t  of t h e  

t i m e .  Apparen t ly  t h e  ra t io  of t i m e  i n  s u n l i g h t  and  d a r k n e s s  

w i l l  change d u r i n g  the y e a r ,  depending of c o u r s e  o n  the  

i n c l i n a t i o n  of t h e  o rb i t .  A t  o n e  t i m e  i t  may be 60 per c e n t  

of t h e  d a y l i g h t ,  a t  o t k r  times of t h e  y e a r  80 per  c e n t  

d a y l i g h t .  

The f o u r t h  area here is communications.  T h i s  

i n c l u d e s  radio command sys tems, b o t h  r e c e i v e r s ,  t r a n s m i  tters, 

data storage sys t em,  and  a lso data t r a n s m i s s i o n  sys t ems .  

Mr.Foster will have a f e w  words to s a y  on t h i s  s u b j e c t  so 

I w i l l  s k i p  r i g h t  o v e r  i t .  

The f i n a l  area is i n  the l a y o u t  of the v e h i c l e .  Here 

w e  are concerned  udth the f i n a l  v e h i c l e  t h a t  may i n c l u d e  more 

than  one  expe r imen t .  I t  is r e s t r i c t e d  i n  weight ,  i t  is 
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r e s t r i c t e d  i n  dimension bythe z e  o f  the b o o s t e r .  I t  must 

i n c l u d e  a l l  t h e  o t h e r  f a c t o r s  have c o n s i d e r e d ,  I t  may be 

r e q u i r e d ,  f o r  example? i n  r e g a  t o  the  s o l a r  c e l l s  i n  o r d e r  

t o  handle  t h e  thermal  problem, t may be d e s i r a b l e  t o  pu t  

the  s o l a r  c e l l s  on p a d d l e s ,  r e r  t han  as p a r t  of t h e  

v e h i c l e ,  I n  any  event, a l l  t h  c o n s i d e r a t i o n s  must be 

worked o u t  i n  a r r i v i n g  a t  a f 1 v e h i c l e  l a y o u t ,  

( S1  i d e  ) 

These a r e  some of t problems we have been t r y i n g  

t o  look a t  a t  Ames. So f a r  o ork has been m a i n l y  

devoted t o  a t t i t u d e  c o n t r o l  s m s .  We have been look ing  

a t  v a r i o u s  types  of sys t ems ,  o u s  c o n c e p t s .  We have 

t r i e d  t o  e v a l u a t e  them on t h i  

F i r s t  of a l l ,  we mu a dynamic performance,  

even a s t e a d y  s t a t e  performan is  c o n s i s t e n t  w i t h  t h e  

requi rements  of t h e  experimen he system can  meet t h e s e  

r equ i r emen t s ,  t hen  we would 1 v a l u a t e  and compare 

d i f f e r e n t  systems on t h e  b a s i  s e  o t h e r  f a c t o r s .  

That is power, we igh t ,  r e l i a b i  d a v a i l a b i l i t y .  We 

may l e a n  towards t h i n g s  t h a t  l a b l e  today r a t h e r  t han  

something t h a t  is i n  t h e  s t a t  elopment and may o r  

may n o t  be ready by 1963 

( S l i d e )  

N o w ,  i n  o r d e r  t o  r e  l u a t e  c o n t r o l  s y s t e m  

r ea l i s t i ca l ly  we have t o  s e t  e r e q u i r e m e n t s .  I d o n ' t  
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look at these  r e a l l y  as requirements,  b u t  more as ground 

r u l e s  under  which w e  must o p e r a t e .  We can s e t  down some 

of t h e s e , i t  g i v e s  u s  a common basis f o r  comparing d i f f e r e n t  

t y p e s  of s y s t e m s ,  d i f f e r e n t  c o n c e p t s .  So w e  look a t  t h e  

c o n t r o l  problem as r e a l l y  i n  three phases. 

The f i r s t  phase  is t h e  i n i t i a l  s t a b i l i z a t i o n .  

We are c o n s i d e r i n g  an i n i t i a l  tumbl ing  ra te  as high as 

one degree  per second ,  which is  q u i t e  h igh .  We are assuming 

t h a t  t h i s  i n i t i a l  s t a b l i z a t i o n  s y s t e m  -- i t  may be a j e t  

sys t em u s i n g  a g y r o  r e f e r e n c e  -- s h o u l d  be able to  s t ab i l i ze  

t h e  v e h i c l e  r a t e s  to  w i t h i n  ,902 of a degree per second .  

T h i s  seems w i t h i n  r e a s o n  on tk j e t  o r  g y r o  sys t ems .  We have 

c o n s i d e r e d / t h e  sane o p e r a t i o n  t h a t  t h e  v e h i c l e  w i l l  be 
with 

o r i e n t e d  i n  s p a c e  so t h a t  t h e  solar  c e l l s  w i l l  be p o i n t e d  

toward t h e  sun /approx ima te ly  o n e  degree 
within 

I n  t h i s  p o s i t i o n ,  

t h e n ,  t h e  v e h i c l e  would be e s s e n t i a l l y  s t ab i l i zed  i n  space 

where its a t t i t u d e  then  c o u l d  be de te rmined  from a remote 

c o n t r o l  t e l e v i s i o n  p i c t u r e ,  and t h e n  from t h B  p o i n t  t he  

a c q u i s i t i o n  of target  s t a r  c o u l d  be a c h i e v e d .  

Now, as far as a c q u i r i n g  a s ta r ,  one  of the 

r e q u i r e m e n t s  spec i f ied  has been a maximum s l e w i n g  ra te  

of 180 degrees i n  f i v e  minu tes . The ground o b s e r v e r  by 

remote c o n t r o l  can  a c q u i r e  any s ta r  v i s i b l e  w i t h i n  the t i m e  

t h a t  t h e  s a t e l l i t e  takes f o r  o n e  p a s s  o v e r  t h e  ground s t a t i o n .  

T h i s  is r e a l l y  q u i t e  an e x c e s s i v e  r equ i r emen t ,  e x c e s s i v e  from 
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t h e  s t a n d p o i n t  of impor tance  q u i r e d .  We a l s o  were 

t h i n k i n g  i n  terms of remote c t r o l  p o i n t i n g  t h e  v e h i c l e  

to t h e  p l u s  or m i n u s  15 minut  of a rc .  On some expe r imen t s ,  

p a r t i c u l a r l y  t h e  so la r  e x p e r i  n t ,  they  would l i k e  to  have 

t h i s  done to one  minute  of  ar b u t  t h i s  was, I s a y ,  one 

s e t  of ground r u l e s .  

( S l i d e )  

The t h i r d  phase  of t r o l  would be the au tomat i c  

c o n t r o l .  We are l o o k i n g  bo th  coarse c o n t r o l  and f i n e  

o n t r o l .  Here is a coarse con 1 t h a t  would r e a l l y  be a 

c o n t i n u a t i o n  of t e l e v i s i o n  ac s i t i o n .  After  the error got 

down below a c e r t a i n  s ize ,  t h  an a u t o m a t i c  mode would be 

s w i t c h e d  on i n  order 

t o  b r i n g  t h e  e r r m  down to  t h e  its o f  t h e  coarse c o n t r o l  

s y s t e m ,  So here  w e  were t h i n  i n  terms o f  a d e t e c t o r  

t h a t  w o u l d  s e n s e  i n i t i a l  arge as 30 minu tes  of a rc .  

T h i s  coarse sys tem would p r  a f i n a l  v e h i c l e  p o i n t i n g  

of one  minute  of a r c .  

You w i l l  r e c a l l  t some expe r imen t s  t h i s  is 

pe rhaps  a l l  t h e  accu racy  t h  e q u i r e d  so  that  a coarse 

c o n t r o l  s y s t e m  c o u l d  do t h e  j o b .  Again d u r i n g  

t h i s  phase  of t h e  o p e r a t i o n  u l d  s t i l l  have t h i s  

r e s i d u a l  . 02  of a degree  pe  d v e h i c l e  r a t e  t h a t  w i l l  

be carr ied through.  We wou e x t e r n a l  t o r q u e s  of 

nearly o n e  hundred dyne c e r s .  T h i s  would be what 
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w e  t h i n k  is an  extreme f i g u r e ,  b u t  i t  is a s o r t  of t o r q u e  

t h a t  c o u l d  be expec ted  w i t h  c e n t e r  of g r a v i t y  -- I s h o u l d  s a y  

moments of i n e r t i a  of t h e  v e h i c l e  e q u a l  to  w i t h i n  one ha l f  of 

one per  c e n t ,  and also w i t h  c e n t e r  of solar p r e s s u r e  j u s t  a 

v e r y  few i n c h e s  from t h e  c e n t e r  of g r a v i t y  of t h e  v e h i c l e .  

You c o u l d  ge t  s t e a d y  t o r q u e s  that  would act i n  one  d i r e c t i o n  

f o r  l o n g e r  p e r i o d  s of t i m e  on t h i s  order of magnitude.  

T h i s  is the  t o t a l  a n g u l a r  momentum of t h e  v e h i c l e  i f  i t  were 

s l e w i n g  a t  t h e  ra te  of 180 degrees i n  f i v e  minu tes .  I d o n ' t  

t h i n k  t h a t  f i g u r e  is r e a l l y  s i g n i f i c a n t  here. 

The f i n a l  phase  of the c o n t r o l  would be t h e  

a u t o m a t i c  f i n e  c o n t r o l .  We are c o n s i d e r i n g  an  i n i t i a l  

p o i n t i n g  area of t w o  minu te s  of arc. There would be some 

o v e r l a p  i n  f i n e  a n d  coarse c o n t r o l .  We are c o n s i d e r i n g  

u l t i m a t e  p o i n t i n g  accu racy  of one  t e n t h  of a second of arc.  

Again the v e h i c l e  c o u l d  have i n i t i a l  rates as h i g h  as ,002 

degrees p e r  second.  I t  w i l l  be s u b j e c t  to  e x t e r n a l  t o r q u e s  

of 100 dyne c e n t i m e t e r s .  One af the  r e q u i r e m e n t s  -- I t h i n k  

t h i s  is the  more s e r i o u s  r equ i r emen t  as far as p o i n t i n g  

acuuracy ,  even more s e r i o u s  t h a n  one t e n t h  of a second of 

arc -- is to hold down the  s t e a d y  s ta te  or the  d r i f t  r a t e s  

due & t h i s  100 dyne c e n t i m e t e r  t o r q u e ,  Depending on the  

n a t u r e  of t h e  sys t em,  i f  i t  has an e f f e c t i v e  i n t e g r a t i o n  

when the  to rque  is a c t i n g  on i t ,  there  w i l l  be a s t e a d y  s t a t e  

p o i n t i n g  e m Y ~  To keep  t h e  l i m i t  w i t h i n  t h i s  t e n t h  of a 
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second of arc w e  have to spec  y t h a t  t h i s  s teady  s t a t e  d u e  

t o  t h e  100 dyne c e n t i m e t e r  t o  ue  w i l l  n o t  exceed f i v e  seconds .  

We have a l s o  specif d t h a t  the s a t u r a t i o n  t i m e ,  

t h a t  is ,  i f  a r e a c t i o n  wheel s tem is used ,  shou ld  be 100 

minutes  . 
There is on& o t h e r  t e r e s t i n g  t h i n g  t h a t  w a s  

mentioned e a r l i e r ,  t he  a b e r r a  of l i g h t .  T h a t  a l s o  p u t s  

a s t r i n g e n t  requirement  on t h  s tem I n  view of l a r g e  

d i s t u r b i n g  t o r q u e s  t h a t  requ n t  is of secondary  

impor t ance .  I f  t h e s e  torque  I d  be reduced ,  and they 

ray w e l l  have to be reduced r to develop a system that  

can come anywhere nea r  meet e s e  r equ i r emen t s ,  and then 

i t  t u r n s  o u t  t h a t  t h e  a b e r r  f l i g h t  w i l l  be one 

c o n t r o l l i n g  f a c t o r  t o  be a b  a n d l e  a l i n e  of s i g h t  

r a t e  of some .3 of a second p e r  minute ,  t h a t  may be 

one of t he  most s e r i o u s  con 

( S l i d e )  

I j u s t  want t o  m e  e f l y  an example or two 

of t h e  t y p e s  of sys tems we look ing  at  a t  Ames 

L a b o r a t o r y .  

F i r s t ,  t h e s e  two r e a c t  ion wheel s y s  tems 

The f i r s t ,  to go through t h  , we have an error sensor 

which d e t e c t s  t h e  d i f f e r e n c  t h e  t r u e  l i n e  of s i g h t  

and t h e  t a r g e t  s ta r ,  and t h  o i n t i n g  d i r e c t i m  of t h e  

v e h i c l e .  T h i s  may be modif e p a s s i v e  network.  The 
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s i g n a l  d r i v e s  t h e  motor wheel ,  producing a t o r q u e ,  s u b j e c t s  

i t  t o  e x t e r n a l  t o r q u e s ,  t h e  to rque  is i n t e g r a t e d  to p roducea  

i n t e g r a t e d  r a t e ,  i n t e g r a t e 3  a g a i n  to g e t  v e h i c l e  a t t i t u d e .  

We have also c o n s i d e r e d  a tachometer  feedback 
a 

p o s s i b l y  shaped by/ network ,  T h i s  type  of system does  promise 

r e a s o n a b l e  dynamic r e s p o n s e ,  depending o n  the  t y p e s  o f  net- 

works you have h e r e ,  We a r e  i n  t h e  p r o c e s s  of  examining 

v a r i o u s  t y p e s  <sf ne tworks i n  o r d e r  t o  p rov ide  s u f f i c i e n t  

damping and to minimize t h e  s t e a d y  s t a t e .  

The second s y s t e m  w e  might  c o n s i d e r  is v e r y  

s i m i l a r .  Except  for t h e  tachometer  f eedback ,  we do have an 

in t eg ra t ing  g y r o ,  T h i s  from t h e  s t a n d p o i n t  of complexi ty  

might not be so  d e s i r a b l e ,  I t  i s  an a d d i t i o n a l  moving p a r t  

but if you can c o n s i d e r  a p e r f e c t  r a t e  g y r o ,  then t h i s  

o f f e r s  an i d e a l  type  sys tem because i t  g i v e s  you all t he  

performance y o u  d e s i r e .  So i t  is what we might c o n s i d e r  a 

s t a n d a r d  sys tem t h a t  we can  use  as a b a s i s  f o r  comparing 

other s y s t e m s ,  

NowS t h i s  type  of sys tem does  have one a d d i t i o n a l  

advan tage ,  When t h e  t a r g e t  stars a r e  occul ted t he  loop  is 

broken r i g h t  h e r e ,  t h e  i n n e r  loop w i  11 o p e r a t e  and t h e  

v e h i c l e  w i l l  remain phase  s t a b i l i z e d  d u r i n g  t h i s  p e r i o d  of 

t ime .  A sys tem of t h i s  type  c a n  hold  a v e h i c l e  to  w i t h i n  

a minute  of arc fQp as much as 30 or 1.10 m i n u t e s ,  So t h e r e  is 

one  a d d i t i o n a l  advantage  you g e t  i n  t u r n  f o r  a d d i t i o n a l  
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poss ib le  j u s t  to remove t h e  mc 

u se  the  gy ro  i n  t w o  modes of 4 

p r o v i d e  t o r q u e  fo r  the v e h i c l  

s t ab i l i zed  s p a c e  r e f e r e n c e .  ' 

l ook ing  i n t o .  

One more type  of co 

l i t t l e  b i t  is o u r  vapor  j e t  s 

t h e s e  sys t ems  is t h e i r  a m p l e  

no moving p a r t  o t h e r  t h a n  t h e  

o f  error sensor, We modify t h e  

a logic  network and the s i g n a  

t h e  v a l v e .  Tha t  is a l l  there  

Here w e  have t h e  sa: 

a c t i n g  on t h e  v e h i c l e .  T h i s  

sys t em,  I t  u s e s  j u s t  one t h r  

of  o p e r a t i o n ,  For large error; 

have a s t e a d y  t h r u s t ,  Here w 

Here is t h e  p l o t  of the  error * 

of t h e s e  q u a n t i t i e s .  T h i s  is 

follows t h i s  form. Whenever 

s i d e ,  you ge t  a s t e a d y  t h r u s t  

Then t h e  t h r u s t  is r e v e r s e d .  

t y p e  of sys tem.  Whenthe error 

c e r t a i n  l i m i t s  t h e n  t h e  mode 
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t h i s  type  of sys t em,  i t  may be 

tor a l t o g e t h e r  t o  u s e  the  g y r o ,  

p e r a t i o n ;  u s e  t h e  g y r o  to  

a n d . a l s o  u s e  a gyro  as a 

h i s  is a n o t h e r  area worth 

t r o l  sys t em w e  looked a t  a 

s t e m ,  The n i c e  t h i n g  abou t  

e to ta l  s i m p l i c i t y .  There is 

v a l v e .  We have t h e  same sor t  

r r o r  signal and p u t  i t  through 

o u t  of the network operates 

is to the sys t em.  

e tar que ,  e x t e r n a l  d i s t u r b a n c e s  

s e s s e n t i a l l y  an on-off t ype  

s t  l e v e l .  I t  has t w o  modes 

, w e  have/ c o n t i n u o u s  mode. 

have a s w i t c h i n g  object .  

the 
We 

wsus error  rate. We s e n s e  both 

a s w i t c h i n g  log ic  network t h a t  

h e  v e h i c l e  is o u t  o n  t h i s  

u n t i l  i t  crosses t h i s  l i n e .  

I t  is e s s e n t i a l l y  a bang-bang 

r a t e  g e t s  down to  w i t h i n  

f the s y s t e m  swi tches ,  w e  have  
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a p u l s e  mode where a s t a n d a r d  s i ze  p u l s e  is t r i g g e r e d .  I n  

t h i s  case w e  s e t  l i m i t s  to  one e i g h t h  of a second .  Whenever 

the =or r e a c h e s  t h a t  v a l u e ,  you t r i g g e r  t h e  p u l s e .  You end 

up i n  a s t e a d y  s ta te  w i t h  a s o r t  of l i m i t e d  c y c l e  o p e r a t i o n .  

For example,  w e  have c o n s i d e r e d  t h e  p e r i o d  something on  t h e  

order  of 50 s e c o n d s .  The p u l s e  would a c t u a l l y  f i r e  eve ry  

25 s e c o n d s .  If e x t e r n a l  t o r q u e s  are a p p l i e d  t o  the v e h i c l e  

-- t h i s  is no e x t e r n a l  d i s t u r b a n c e  -- you g e t  the same s o r t  

of p a t t e r n  except i t  would always t end  to go back t o  one s i d e .  

F u e l  economy f o r t h i s  t y p e  of s y ~ t e m ,  w e  c o n s i d e r e d  water 

vapor ,  s p e c j f i c  impulse of  abou t  40  and s t i l l  for each 

channel  t h i s  type o f  o p e r a t i o n  i n v o l v e s  abou t  t w o  pounds of 

f u e l  p e r  y e a r .  I t  is q u i t e  economica l  i n  f u e l .  

There are t w o  problems associated w i t h  t h i s  t ype  

of sys t em.  F i r s t  of a l l ,  any  u s e  of f u e l  w i l l  change t h e  

b a l a n c e ,  i n e r t i a l  symmetry of t h e  v e h i c l e , a n d  s e c o n d l y  

what may be more s e v e r e  is what w i l l  happen to  t h e  water 

vapor  t h a t  is e x h a u s t e d .  W i l l  i t  go i n  t h e  form of a c l o u d  

around t h e v e h i c l e ?  If s o ,  i t  w i l l  d e s t r o y  the expe r imen t  you 

are t r y i n g  to  accompl i sh .  U n t i l  t h a t  q u e s t i o n  is answered 

w e  c e r t a i n l y  could n o t  c o n s i d e r  u s i n g  t h i s  t y p e  of sys t em b u t  

i t  is i n t e r e s t i n g .  I t  w i l l  have many a p p l i c a t i o n s .  

( S l i d e )  

I have one  more s l i d e  to i l l u s t r a t e  t h e  pieces of 

e x p e r i m e n t a l  equipment w e  have been u s i n g  a t  Ames Research 
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s i m u l a t o r  here i n  which  w e  hav 

s i m u l a t e s  t h e  m i s s i l e ,  t h e  sa t  

f l o a t i n g  on a n  a i r  bear ing ,  Y 

of the p i c t u r e .  There is a s u  

f l o a t s  t h e  b a l l ,  t he  whole p l a  

t a k e s  abou t  30 pounds of a i r  p 

i n  t h e  bottom of t h i s  d i sc  t 

t a b l e  weighs about  200 pounds.  

f r i c t i o n  f r e e  t ab le .  

We have h e r e  a l i t t l  

detector and p h o t o d e t e c t o r s  o n  

c o n t r o l  sys tem.  

Out of the  view of t 

a r t i f i c i a l  l i g h t  s o u r c e .  So w 

of a n  e n t i r e  c o n t r o l  sys t em,  

t h e  p i c t u r e  w a s  taken w a s  a r e  

have one r e a c t i o n  wheel motor 

i n  p i t c h ,  We have a n o t h e r  r e a  

-- w e  have enough pendulum eff  

t he re  is no c o n t m l  on the t h i  

f o r  the  type  o f  c o n t r o l  system 

e n c o u n t e r  i n  u s i n g  a c t u a l  hard  

on  t h e  type  of r e sponse  w e  g e t  

We are r e a l l y  j u s t  g e t t i n g  und 
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We have developed  a m i s s i l e  

a l a rge  platform which  

l l i t e .  We have t h i s  p l a t f o r m  

lu can see  i t  on t h e  middle 

lpZy of a i r  which a c t u a l l y  

form is f l o a t e d  o n  a i r .  I t  

lessure  t h m u g h  an o r i f i c e ,  

1 f l o a t  t h e  whole works,  The 

So w e  have v i r t u a l l y  a 

! t e l e s c o p e  w i t h  ane r ro r  

h e r e .  So w e  have a two a x i s  

ie p i c t u r e  t h e r e  is  an 

! can  s i m u l a t e  t h e  o p e r a t i o n  

row, what w e  had at t h e  t i m e  

i c t i o n  wheel sys t em.  We do 

iere that  c o n t r o l s  t h e  v e h i c l e  

: t i o n  wheel h e r e  t h a t  c o n t r o l s  

!c t  on t h i s  p l a t f o r m  s o  t h a t  

*d a x i s .  There is some f e e l i n g  

t h e  s t a b i l i t y  problems w e  

rare. We also g e t  some f e e l i n g  

from v a r i o u s  error detectors. 

!r way i n  t h i s  area r i g h t  now. 

I t h i n k  t h a t  is eve  t h i n g  I had .  Iknow that John .-I 
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F o s t e r  would l i k e  t o  s a y  a few words about  t h e  communications 

a r e a .  So I w i l l  l e t  h i m  take  ove r  from h e r e .  

PRESENTATION BY JOHN FOSTER 

MR. FOSTER: I r e a l l y  d o n ' t  have too  much to say 

on t h e  communications,  We have on ly  looked i n t o  i t  t o  a 

l a r g e  e x t e n t  i n  a s s o c i a t i o n  w i t h  t h e  c o n t r o l  sys tem work. 

However, I w i l l  make a few o b s e r v a t i o n s  he re  of what we have 

a t  l e a s t  thought  a b o u t .  

The d a t a  system r e a l l y  w i l l  have t o  cover  f o u r  

d i f f e r e n t  c a t e g o r i e s  of data. F i r s t  are t h e  ones  a s s o c i a t e d  

w i t h  the  v e h i c l e  performance and command. T h i s  w i l l  be t h e  

s t a t e ,  f o r  example,  of t h e  i n e r t i a  wheels ,  wbther i t  is 

s a t u r a t i o n  or n o t ,  v a r i o m  commands t h a t  g o  up t o  o p e r a t e  

the  o p t i c s  and r e t u r n i n g  d a t a  t h a t  i n d i c a t e  t h a t  these 

commands have been performed,  t h i s  type of d a t a  which will  

e s s e n t i a l l y  be a r a t h e r  na r row band type  of t e l e m e t e r i n g .  

Then there is a second type which is t h e  a c q u i s i t i o n  

TV i n  v a r i o u s  o f  t h e  exper iments  or on t h e  p l a t f o r m  i t s e l f  

t h e r d v i l l  be a W s y s t e m  t h a t  l o o k s  a t  e i t h e r  a 1 0  or  15 

degree  f i e l d ,  and then f i n a l l y  i n  some c a s e s  d m  t o  one 

degree  f i e l d  f o r  a c q u i s i t i o n .  T h i s  p i c t u r e  w i l l  have t o  be 

s e n t  doun and d i s p l a y e d  p r o p e r l y  t o  t h e  o p e r a t o r .  

The dynamic range  o f  t h e  l i g h t  on t h i s  p a r t i c u l a r  

TV w i l l  n o t  be as g r e a t  as some of t h e  TV r e q u i r e d  f o r  t h e  

e x p e r i m e n t e r s .  T h e r e f o r e ,  t he  band width requi rement  on t h i s  



aspect of t h e  TV problem may n 

The t h i r d  t h i n g ,  o u r  

r equ i r ed  by a m a j o r i t y  of t h e  

are r e a d i n g s  from photo  tubes  

exper iments  I I n  g e n e r a l  t h i s  

nar row band t e l e m e t e r i n g  becau 

d e a l ,  and the  s c a n  ra tes  i n  g e  

t h e  r a t e  of accumulat ion of da 

s u f f i c i e n t  t i m e  t o  send  i t  dow 

te lemeter .  

The l a s t  c a t e g o r y  is  

TV s c a n  type of data i n  t h e i r  

explained by Dr. Davi s ,  I w i l  

w e  have done abou t  i t .  L e t  me 

the  p l a t f o r m  and from t h e  expe 

p r e s e n t  any rea l  problem, so I 

a c q u i s i t i o n  TV c a n  be r e l a t i v e  

p robab ly  s h o u l d  be r easonab ly  

band, w i t h i n  l i m i t s  o f  t he  ava  

l eads  t o  t h e  l a s t  c a t e g o r y  w h i  

t h e  tougher  and w i t h  due a p o l o  

have n o t  had a chance t o  ta lk  

some s t a t e m e n t  on  which he can 

they may be i n c o r r e c t  so f a r  a 

a t  the  r e q u i r e m e n t s  of t h e  TV 

~t be too s e v e r e .  

type  of data  w i l l  be t h a t  

Nxperimen ts n o t e d  today which 

In t h e  spectrometer type  of 

:an be handled  by a ra ther  

e i t  is an accumulated count  

ieral are q u i t e  l o n g ,  so  t h a t  

;a is not  h i g h ,  and you have 

L by /rather narrow band wid th  
a 

the exper iments  which have a 

tccumulat ion,  such  as tha t  

. go i n t o  i t  a l i t t l e  b i t ,  what 

s a y  t h e  narrow band data from 

biment I d o n ' t  t h i n k  s h o u l d  

won't  dwe l l  m t h a t .  The 

y lower accuracy  than  the da t a ,  

!asy to  g e t  w i t h i n  an a v a i l a b l e  

. l ab le  s t a t i o n s .  So t h i s  

:h appears to be somewhat 

: i e s  to  M r .  Davis ,  whom I 

r i t h  h e r e ,  I would l i k e  to make 

a r g u e  w i t h  m e  or n o t ,  and 

; t h a t  goes.  B u t  i n  l ook ing  

;can associated w i t h  t h a t  t ype  
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of program, t h a t  w a s  where you made the whole s k y  s o r t  of 

e s s e n t i a l l y  a t w o  degree sor t  of segments .  

One of t h e  bugaboos here is t h a t  the  large dynamic 

l i g h t  r a n g e  t h a t  would be r e q u i r e d  f o r  the  exper iment  p l u s  a 

r e a s o n a b l y  h i g h  accu racy ,  a t e n t h  to a magnitude s ta r ,  which 

i n  a p r e l i m i n a r y  aspect w a s  quoted a t  10 pe r  c e n t  a c c u r a c y ,  

t h i s  w a s  based r e a l $ y  on  a t e n t h  magnitude s ta r  a c c u r a c y ,  

t h i s  t e n  p e r  c e n t  accu racy  data. The t h i n g  is i f  you l o o k  

a t  a 500 by 500 l i n e  frame, and  ybu want to s c a n  and s e n d  

t h i s  data down i n  one  second ,  you can  come t o  a first l o w  

band w i d t h  af 250 KC. T h i s  is s imply  m u l t i p l y i n g  t h e  l i n e s  

by the r e s o l u t i o n  across the l i n e ,  b u t  o u r  f e e l i n g  is t h a t  

r e a l l y  you c a n ' t  w i t h  t h i s  dynamic l i g h t  r ange  and accu racy  

r equ i r emen t  ge t  by w i t h  t h a t  narrow band width.  

Then you look a t  v a r i o u s  o the r  echernvn, , you c o u l d  

code each of t h e s e ,  each and every  one of these possible  500 

by 500 p o i n t s .  There you a r r i v e  at someth ing  around t w o  

megacycles  band w i d t h ,  Well, w e  won't have a c a p a b i l i t y  for 

t h a t .  So some p l a c e  i n  between h e r e  w i l l  p r o b a b l y  be t h e  

t r u e  case. 

One other t h i n g  1 would l i k e  t o  throw i n t o  t h i s ,  

p o s s i b l y  for c o n s i d e r a t i o n  of the Smi thsonian  e x p e r i m e n t e r s ,  

is that you might  look at t h i s  and  s a y ,  w e l l ,  there may be 

o n l y  50 stars maximum i n  any one of these frames, and you s a y  

w e l l ,  why worry  abou t  a l l  the  250,000 p i c t u r e  e l emen t s?  Why 
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n o t  Jus t worry about  t he  o n e s  h a t  have i n f o r m a t i o n  on them? 

If you detect  ffese, break the  down i n t o  a b i n a r y  code and s tore  

them wi th  each individual  pos 

scanned .  From t h a t  a s p e c t  i t  u r n s  o u t  you c a n  ge t  down v e r y  

l o w  band wid th ;  i t  t u r n s  o u t  l e s s  than  3 KC f o r  one  

second of s c a n  of frame r a n g e .  

ion of course as the thing is 

A l i t t l e  problem co s up.  There w i l l  be concern 

w i t h  luminous areas which ar o t  c o n t a i n e d  i n  these  50 

s tar  p o i n t s .  So w e  though t  p s i b l y  a method migh t  be, a 

h y b r i d  method might be e v o l v e  where you w e r e  s cann ing  and 

s t o r i n g  the  i n f o r m a t i o n  f r o m  ese 50 stars, t h e  l u m i n o s i t y  

areas may be of a lower f r e q  cy  enough t h a t  t h e y  c a n  be 

hand led  w i t h  a ra ther  narrow nd wid th .  A t  t he  end of t h i s  

s c a n  then  you send  o u t  t he  o d i n f o r m a t i o n  of the 50 p o i n t  

s o u r c e s ,  t h e  stars, and  mayb e t  by w i t h  a r e a s o n a b l e  band 

width b u t  I b e l i e v e  t h e r e  w i  ei  ther  have to be a method 

of t h i s  n a t u r e  o r  p o s s i b l y  a n g e r  s c a n  ra te  t o  r e a l l y  

keep i t  w i t h i n  the  band w i d t  e q u i r  emen ts e T h i s  is 

someth ing  t h a t  w e  have n o t  r l y  looked too far  i n t o  excep t  

I t h i n k  i t  w i l l  be somewhat a problem. That  is r e a l l y  

a l l  I have to s a y ,  u n l e s s  t h  are any q u e s t i o n s  on t h a t  

a s p e c t .  

MR. CHENG (Hughes c ra f t ) :  Is the re  any r e a s o n  

why t h i s  must  be t r m s m i t t e d  one  second,  other  t h a n  the 
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fact  t h a t  your exper iment  w i l l  take longer? 

MR. DAVIS: There are four t e l e v i s i o n  t u b e s .  

The one second w a s  a r r i v e d  a t  by u s i n g  h a l f  of t h e  motion 

t i m e  for t h e  t r a n s m i s s i o n  of t h e  s i g n a l .  There  is no r e a s o n  

why i t  c o u l d  n o t  be pro longed .  

MR. CHENG: I n  o t h e r  words, i f  t h i s  p roves  to be 

one of t h e  nas t ies t  problems of the whole experiment t h a t  

p u  are t r y i n g  to do, t h e r e  is a p o s s i b i l i t y  t h a t  you might  

compromise a b i t  on t h i s  and s a y  w e l l ,  w e  w i l l  r educe  t h e  band 

wid th  r equ i r emen t  by going pe rhaps  to two seconds  

t r a n s m i s s  ion?  

MR. DAVIS: Two seconds m u l d  n o t  b o t h e r  u s .  More 

than t w o  s econds  would a c t u a l l y  s t a r t  s lowing  down t h e  

exper iment .  We would s t a r t  l o o k i n g  at coding  methods as 

a p o s s i b i l i t y .  

D r .  Dursey,  how l o n g  do you t h i n k  w e  c o u l d  a f f o r d  

to  s t r e t c h  o u t  t h e  scan? 

DR. DURSEY: Excuse m e .  Iwould l i k e  to t e l l  you 

i n  your  computat ion a b o u t  t he  150 k i l o c y c l e s ,  a c t u a l l y  i f  

you c o n s i d e r  j u s t  an analogue t r a n s m i s s i o n ,  go t o  one h a l f ,  

125 ,  because  i f  you have a 250,000 p i c t u r e  element on  y o u r  

p i c t u r e  and you consider t h e  maximum p r e s e n t l y  i n v o l v e d  i n  

t h e  s i t u a t i o n ,  you have a complete  aperture element fo l lowed  

by a complete  W k  o n e ,  You a c t u a l l y  have 125  k i l o c y c l e s  

per second. 
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MR. FOSTER: I m u s  t d m i t  t h a t  i t  is ra ther  

d i f f i c u l t  to come to a band w t h  r equ i r emen t .  W e  f i n d  w e  

are n o t  a l o n e  i n  n o t  b e i n g  ab t o  come to  e x a c t  f i g u r e s  i n  

t h i s .  When you b r i n g  i n  t h e  c tor  of your  r e q u i r e d  

accu racy  i n  t h e  dynamic -- 
DR, DURSEY: Absolu l y .  You must s h i f t  from 

. So t h e  a n  ana logue  type  of t r a n s m i s s  n to a coded type. 

c o n s i d e r a t i o n  of band wid th  i comple t e ly  chang ing .  You are 

p e r f e c t l y  r i g h t .  What I i m a g  e Mr. Daviswas p o i n t i n g  o u t  

w a s  t h a t  w i t h  a normal TV sys m i t  is meet ing  w i t h  s o m e  

c e r t a i n  number of l e t t e r s  li a normal TV sys t em is do ing ,  

you may go down to  125  k i l o c  e s  p e r  second band w i d t h  i n  

one  second .  

MR. FOSTER: I am t q u i t e  s u r e  t h a t  I -- 
DR. DURSEY: You t , for i n s t a n c e ,  a q u i t e  u s u a l  

t e l e v i s i o n  sys t em w i t h  30 f r  s per second,  t h a t  is 

co r re spond ing  to f o u r  megacy s p e r  s econd ,  How is the  

band width computed, j u s t  t g a c e r t a i n  number of picture 

e l e m e n t s ,  f o r  i n s t a n c e ,  500 es  h o r i z o n t a l  r e s o l u t i o n  and 

500 i n  v e r t i c a l  r e s o l u t i o n .  u have 250,000 p i c t u r e  e l emen t s  

and a c t u a l l y  if you want to 30 times p e r  s econd ,  you 

r e a c h  50 t i m e s  125 ,  so  4.5 c y c l e s  p e r  s e c o n d ,  That  is 

no cons id  era t i o n  h e r e  a b o u t  u racy  i n  t h e  d e t e r m i n a t i o n  

of the leve ls .  T h a t  is t h e  I imagine  t h e  Smi thsonian  

has followed. If now w e  ha or e v e r y  p i c t u r e  e l a n e n t  t o  

. I  
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c o n s i d e r  c a r e f u l l y  a cer ta in  number of l e t t e r s  w e  have t o  

v i s u a l i z e  o u r  p i c t u r e  t r a n s m i s s i o n ,  and  s o  w e  may go t o  a 

much h i g h e r ,  much wider band w i d t h .  

MR. FOSTER: T h i s  is t h e  t h i n g  I w a s  b r i n g i n g  up .  

I t  is someth ing  t h a t  w i l l  have to be c o n s i d e r e d .  I t h i n k  

i n  t h e  e a r l y  s p e c i f i c a t i o n s ,  t h i n g s  of 150 KC and 250 were 

p o i n t e d  o u t  as p robab ly  c o v e r i n g  t h e  expe r imen t .  I t h i n k  t h i s  

is not  t r u e .  I t  w i l l  have t o  be looked  i n t o  more tho rough ly ,  

DR. DURSEY: Who d e s i g n s  t h e  exper iment  t o  f i t  i n t o  

whatever  band w i d t h  you g i v e  us?  

MR. FOSTER: Are t h e r e  any o t h e r  q u e s t i o n s ?  

MR, CC&LINS (Page Communications) : C o n s i d e r i n g  
moment of 

t h e  a s p e c t s  of solar p r e s s u r e  and/ i n e r t i a  and a l l  these 

t h i n g s  mentioned p r e v i o u s l y ,  is i t  p o s s i b l e  t o  consider the 

u s e  of s i x  foot p a r a b o l i c  a n t e n n a s  on  t h i s  v e h i c l e ?  

DR. ROMAN: On t h i s  vehicle? 

MR. ODLLINS: Y e s .  

DR. ROMAN: I th ink  t h i s  is for  someone e l se  other  

than  m e  to answer.  Do ycu have any answer on t h a t ?  

MR. TRIPLETT: I t h i n k  a n t e n n a s  is one t h i n g  w e  

have  n o t  mentioned, I th ink  t h a t  can  be a s e r i o u s  problem 

from what I g a t h e r .  The t y p e  of an tennas  you need f o r  

t r a n s m i s s i o n  still  h a s  t h e  d i r e c t i o n  i n  which t h e y  have to 

be moved. 

MR. FOSTER: A c t u a l l y  both t h e  r e q u i r e m e n t s  of t h e  
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c e n t e r  of r a d i a t i o n  p r e s s u r e  d the  CG, as YOU probably  

f i g u r e ,  w i l l  be v e r y  s t r i n g e  if youhave t o  move any e x t e r n a l - -  

MR. TRIPLETT: Y o  r e e  t h e r e  is a problem, b u t  you 

a r e  no t  s u r e  of  t h e  answer? 

MR. FOSTER: That 

DR.  ROMAN: Any o 

MR. BENEDIKI' (Nor 

(Remarks concern ing  s p u t t e r  

MR. McDONALD: Wh 

power f o r  t r a n s m i s s i o n ,  Dr. 

you have i n  mind? 

MR. DAVIS: T h a t  t p a r a b o l o i d  

on t h e  ground,  and i s o t r o p i  t h e  s a t e l l i t e .  

DR. ROMAN: I wou 

remarks on  s p u t t e r i n g .  We 

e f f e c t s  a t  a l l  h e r e  today 1 

be ing  looked a t  e l sewhere  i 

t h a t  i t  w a s  n o t  f o r  us  i n  

However, you a r e  r i g h t  tha 

have t o  be i n v e s t i g a t e d .  

MR. CHATKOFF (Mi 

d r i v i n g  torque  is t h e  f u n c  

method of keeping t h e  Drbi 

MR. TRIPLETT: T 

I 
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t o r q u e s ,  t he  main t h i n g  i s  to make the  v e h i c l e  symmet r i ca l ,  

There is a problem, We have thought  i n  terms of symmetr ica l  

to one h a l f  of one  per c e n t .  I t  is q u e s t i o n a b l e  whether you 

c a n  even measure moments of i n e r t i a  t h a t  a c c u r a t e l y .  Tha t  

is t h e  problem, t o  b u i l d  t h i s  v e h i c l e  as symmetrically as 

possible .  The o t h e r  impor t an t  one  is t h e  solar  p r e s s u r e .  

MR, CHATKOFF: I was t h i n k i n g  of t h e  e c c e n t r i c i t y  

o f  t h e  d r i v i n g  f u n c t i o n  i n  the  unsymmetric i n e r t i a ,  t h e  fac t  

t h a t  your  a n g l e  of g r a d i e n t  r o t a t e d .  

MR. TRIPLETT: T h a t  would be a n  a d d i t i o n a l  s o u r c e  

of t r o u b l e .  You m u l d  have t o  minimize t h e  t o t a l  e f f e c t  of 

a l l  t h e  s o u r c e s ,  a t  l eas t  min imize  i t  down t o t h e  p o i n t  

t h e r e  are a number o f  t h i n g s  t h a t  w i l l  be r e l a t i v e l y  

u n c e r t a i n .  

MR. CNATKOFF: You have made no  a t t e m p t  to  make 

t h e  o r b i t  p e r f e c t l y  c i r c u l a r ?  

DR. ROMAN: What do you mean by p e r f e c t l y  c i r c u l a r ?  

MR. CHATKOFF: By h a v i n g  a c o r r e c t i o n  d e v i c e  on 

board to  t a k e  o u t  any e c c e n t r i c i t y .  

2P. ,:OMAN: 1 t h i n k  vie w i l l  p robab ly  depend on 

t h e  v e h i c l e  t h a t  g e t s  i t  up t he re  t o  g e t  i t  i n  as good a n  

o r b i t  as we can .  

QUESTION: T h i s  t ype  of o r b i t  would be e l l i p t i c a l  

and n o t  c i r c u l a r  so i t  does n o t  l e a d  t o  s a t u s a i " ~ . ~ : .  

MR. TRIPLETT: That is r i g h t .  T t  i.a thc r;2.~~;!7.n~~: 



t o r q u e s  t h a t  w i l l  c ause  the t 

DR. ROMAN: Any 0 t h  

MR. CHATKOFF: M r  . 
s c r e e n  of a p l a t f o r m .  I be l i  

t h i s  was an exper iment  fo r  st 

u s i n g  your  vapor  j e t  and you 

describe t h e  s e n s o r ?  

W R .  TRIPLETT: The 

pyramid t y p e ,  I t  is a f o u r  s 

impinges on t h i s  pyramid. W 

p h o t o c e l l s ,  one look ing  a t  e a  

o u t l e t s  of t h e s e  two ce l l s .  

s i d e ,  w e  ge t  more l i g h t  i n  on 

IVIR.CHATKOFF: You i 

o p t i c a l  Senso r  f o r  c o n t r o l  i n  

s u b j e c t e d  t o  d r i f t ?  

MR. TRIPLETT: When 

you may want t o  u s e  a s i n g l e  

You may n o t  want -- t h e  sum o 

y e s .  

MR. MITCHELL (Boeing 

s i m u l a t o r  and i n  y o u r o t h e r  

i n c l u d e d  i n  y o u r  c o n t r o l  logic: 

or have you done t h i s  o n  t h e  

MR. TRIPLETT: We 
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A i r p l a n e  Company): I n  t h i s  

c o n t r o l  c a l c u l a t i o n s  have you 

t h e  i n e r t i a l  cross c o u p l i n g s  

'Dasis of isolated action? 

have looked on an ana logue  

ouble.  

r q u e s t i o n s  on e i t h e r  of these? 

T r i p l e t t  showed a p i c t u r e  a a 

v e  I g o t  the impress ion  t ha t  

b i l i z i n g  t h e  v e h i c l e s  by 

ad a sensor .  W i l l  you 

e n s o r  is e s s e n t i a l l y  a 

ded pyramid. So t h e  l i g h t  

ge t  a s i g n a l .  We have f o u r  

h s ide .  Then w e  sum t h e  

s t h e  l i g h t  moves over t o  one 

c e l l  than  t h e  o t h e r .  

a g i n e  you may u t i l i z e  an 

o r b i t  where you might  be 

you get  to  t h e  a c t u a l  v e h i c l e  

e l l ,  s h a r p e r  arrangement  . 
t he  s i g n a l s  of t h e  t w o  c e l l s ,  
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computer , / the  e f f e c t s  of  cross coup l ing  due togyroscop ic  

gfects,  and also due t o  the  p roduc t  of i n e r t i a g f e c t s .  

They appear  t o  be of secondary importance,  a t  l eas t  to the  

e x t e n t  where w e  t h i n k  you can des ign  a sys tem based on s i n g l e  

a x i s  a n a l y s i s .  

MR. MITCHELL: Even sys tems to the  a c c u r a c i e s  w e  

are a s k i n g  for now? 

MR. TRIPLETT: Y e s ,  I t h i n k  s o ,  because t h e  rates 

are awfu l ly  s m a l l ,  v e r y  small. I t h i n k  you can s p e c i f y  t h e  

parameters. 

DR. ROMAN: Is there disagreement here?  

MR. CHENG (Hughes Aircraft): According to  t h e  

p r e l i m i n a r y  r equ i r emen t s  you mentioned as fa r  as p o s s i b l e  

t h e  p r e s e n t  m i n i t r a c k  f a c i l i t i e s  are to be u t i l i z e d  f o r  t h i s  

experiment .  Now w e  have looked i n t o  some of t h e  g a i n s  

from t h e  antennas,  I t  does n o t  look l i k e  i t  is up to the  

v a l u e  t h a t  w i l l  be needed f o r  a broad band r e c e p t i o n  of data 

of t h e  type  M r .  Davis wants  t o  have. W e  j u s t  wondered 

whether  any c o n c e n t r a t e d  changes are go ing  t o  be made for 

t h e  m i n i t r a c k  an tennas  and p o s s i b l y  r e c e i v e r s .  

DR. ROMAN: I d o n ' t  th ink  i t  is i n  the budget a t  

the moment. T h i s  other matter w i l l  be gone i n t o  i n  I hope 

rather appreciable de ta i l  b e f o r e  much l o n g e r .  We w i l l  be 

able t o  I hope come up wi th  a n  answer as to whether w e  can  

u s e  a mod i f i ed  m i n i t r a c k  or whether  we w i l l  have to  go to  



something e l s e .  

MR. KAMM (Convair  A 

n o t  be u s i n g  p o l a r  o r b i t s  bec 

t h e r e  any d e c i s i o n  on what or 

DR. ROMAN: I n  o u r  

s ta r ted  500 m i l e  c i r c u l a r  and 

I t h i n k  w e  c o u l d  d rop  down t o  

t o  drop  much lower because  of  

go much h i g h e r  because o f  t h e  

QUESTION: I n  what 

DR. ROMAN: I t  g i v e  

which are t h e  same as d a r k  c u  

QUESTION: Doesn't 

of s h i e l d i n g ?  

DR. ROMAN: Y e s ,  b u  

the  l i g h t .  

DR. KUPPERIAN: Tha 

n o i s e  r a t i o  you wmt  . I t  req 

comple te ly  g e t  r i d  of i t .  On 

g e t t i n g  x-ray. You have t o  s 

QUESTION: The absa 

cesium f i l m  is l o w  enough. 

DR. KUPPERIAM: I t  

The q u e s t i o n  is what is t h e  1 

g e t t i n g  new s u r p r i s e s  from t h  
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r o n a u t i c s )  : You said you w i l l  

.use o f  the /Al len  b e l t .  Is 

lit you w i l l  be using? 

r e l i m i n a r y  s p e c i f i c a t i o n s  w e  

i n c l i n a t i o n  30 to 35 degrees.  

450 m i l e s .  We don ' t want 

a i r  drag. We don' t want t o  

Van A l l e n  radiat i o n  e 

lanner does i t  a f fec t  you? 

Van 

you noise  in your  p h o t o c e l l s  

r e n t  n o i s e ,  f o r  one t h i n g .  

t r e q u i r e  r e l a t i v e l y  few grams 

; t h e  s h i e l d i n g  w i l l  s h i e l d  

depends on  what s i g n a l  t o  

[ ires q u i t e  a few grams t o  

a s i n g l e  photon you s t a r t  

i ield t h e n .  

, p t i o n  cross s e c t i o n  i n  t h e  

lould r educe  i t  t o  some l e v e l .  

v e l .  A t  the  moment w e  are 

! Van A l l e n  b e l t  as t h e  data 
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come i n ,  Sometimes i t  ge ts  lower, h i g h  e f fec ts  appear  a t  a 

l o w  a l t i t u d e .  I d o n ' t  t h i n k  w e  a re  g o i n g  to  be able to  

a v o i d  i t  anyway, even i f  we s t a y  below 500 m i l e s .  

DR. ROMAN: I th ink  w e  had be t te r  break for l unch  

a n d  reconvene a t  t w o .  If there is an i n t e r e s t  i n  c o n t i n u i n g  

the d i s c u s s i o n  of t h i s  aspect of the  problem w e  c a n ,  and  

t h e n  w e  w i l l  get  i n t o  t h e  a d m i n i s t r a t i v e  s ide  of i t ,  

the  management s i d e  of i t .  Also, at t h e  r e q u e s t  of a number 

of p e o p l e  i n  t h e  audience,  I have  w r i t t e n  i n  order on the 

board the names of t h e  s p e a k e r s  t h i s  morning. 

(Thereupon a t  12:45 p,m., a recess was taken  u n t i l  

2 : O O  p . m . ,  t h e  same d a y * )  
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DR. 

AFTERNO 

SCHILLING: G o o d  

rked  to m a few minutes  a 

were here a t  two o ’ c l o c k .  Our 

meet ing,  and I am w a i t i n g ,  mys 

w i l l  t u r n  i t  o v e r  to  D r .  Roman 

DR. R O W :  N o  e x p l a  

l o n g  t a l k i n g  b e f o r e  w e  ordered 

I should  l i k e  i n  s ta  

a f t e r n o o n  to t ake  up where w e  

o u t  i f  there  are any more t e c h  

of t k p r o j e c t s ,  any of the  exp 

o r  communication. 

MR. MEINEL ( K i t t  Pea  

would l i k e  to  ask a q u e s t i o n  o 

the cross coup l ing  w a s  a minor 

rea l ly  so .  Suppose you have t 

and  o n l y  one i n e r t i a l  wheel as 

that package 90. The momentum 

You have to  take a l l  t he  momen 

keep your  package s t ab le .  

0 

MR. TRIPLETT: I w a s  

of f i n e  c o n t r o l .  The o n l y  t i  

coup l ing  is if you allow fair1 

o p t i c a l  a x i s .  You s e e ,  w e l 1 , m a  
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IN SESSION 2:15 P.M. 

a f t e r n o o n .  As one of you 

0, all t he  paying  g u e s t s  

pane l  were t a k e n  to  a luncheon 

I f ,  for an  e x p l a n a t i o n .  I 

. a t i o n  except  w e  s p e n t  too 

bting the  program t h i s  

e f t  off t h i s  morning, and f i n d  

,ical q u e s t i o n s  o n  any a s p e c t  

r i m e n t s  or on  the s t ab i l i za t ion  

. N a t i o n a l  Obse rva to ry ) :  I 

’ M r .  T r i p l e t t .  H e  mentioned 

t e r m .  I wonder i f  t ha t  is 

w e e  o r thogona l  c o o r d i n a t e s  

a n g u l a r  momentum, you s l e w  

is 90 degrees aut of phase .  

;um and feed i t  i n  here to  

speak ing  from the s t a n d p o i n t  

Le you g e t  any s e r i o u s  cross 

p large rates about the 

,be the o n l y  t h i n g  c o n t r o l l i n g  
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t h a t  is t h e  so l a r  o r i e n t a t i o n ,  c o n t r o l l i n g  motion about  the  

ax is .  As long  as you can keep those rates l o w ,  then  cross 

c o u p l i n g ,  a t  least  for  f i n e  c o n t r o l ,  is rather n e g l i g i b l e .  

MR. MEINEL: There is th is problem when you move 

from one object to the  n e x t .  

MR. TRIPLETT: Y e s ,  s lewing  c o n t r o l .  You must 

c o n s i d e r  tha t .  I t  might  be a d v i s a b l e  t o  s l e w  one c o n t r o l  

a t  a t i m e .  You can g e t  i n t o  some messy cross c o u p l i n g s .  

IR SAVEDOFF ( U n i v e r s i t y  of Rochester) : You 

mention p l u s  or minus one  degree on t h e  solar bat ter ies .  

Doesn ' t  t h a t  l i m i t  t he  area t h e  t e l e s c o p e  can  look  a t  

r a the r  s i g n i f i c a n t l y ?  

MR. TRIPLETT: I t h i n k  t h a t  w a s  f o r  i n i t i a l  

s t a b i l i z a t i o n .  You would l i k e  t o  get  the v e h i c l e ,  one s i d e  

p o i n t e d  toward the s u n  m t h e  s i d e  t h a t  h a s  the  solar ce l l s  

p o i n t e d  toward the  sun  t o  a c t i v a t e  the power s t a t i o n .  I 

t h i n k  any exper iment  would allow more t o l e r a n c e  i n  one 

d i r e c t i o n ,  pe rhaps  up to  45 degrees, d u r i n g  o b s e r v a t i o n s  

where you c a n  ge t  70 per c e n t  e f f e c t i v e n e s s  o u t  of t h e  

solar area. Otherwise,  you would have t o  o r i e n t  t h e  c e l l s  

w i t h  t h e  s t r u c t u r e .  

DR. ROMAN: Any o t h e r  q u e s t i o n s ?  

MR. BAXTER (Ryan Aeronau t i ca l  Company): Have you 

c o n s i d e r e d  t h e  solar c o n c e n t r a t i r g  t y p e  of APU s o u r c e  as 

opposed t o  the c e l l  type? 
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MR. TRIPLETT: To knowledge w e  have n o t ,  I am 

n o t  f a m i l i a r  w i t h  t h a t  t y p e .  

MR. BAXTER: I was n d e r i n g  if t h e r e  was any 

o b j e c t i o n  t o  t h i s  t y p e  or w o  i t  n o t  be considered s u c h  

a good idea?  

MR. TRIPLETT: I d s a y  t h e r e  is no o b j e c t i o n  

to  any type  a t  t h i s  t i m e ,  i n g  t h a t  a p p e a r s  feasible .  

DR. ROMAN: I t h  e biggest  q u e s t i o n  is to  

i n c r e a s e  the  problem of ra  n p r e s s u r e .  However, i f  

t h a t  can  be s o l v e d ,  I don '  k t h a t  would be any 

ob j ec t i o n  . 
MR. BAXTER: Th d be the  main c o n s i d e r a t i o n  

whether  or n o t  t h e r e  woul y unba lance  due t o  

r a d i a t i o n  p r e s s u r e .  

DR. ROMAN: Tha c o u r s e  r e l i a b i l i t y ,  and 

a b i l i t y  t o  s u p p l y  what yo 

MR, MITCHELL ( r p l a n e  Company) : Mr. 

T r i p l e t t ,  have you c o n s i  that s i m u l a t o r  of  your s  

the v i s c o s e  drag of t h e  ngs? I s n ' t  t h i s  

s i g n i f i c a n t  in the c o n t r o l ?  

MR. TRIPLETT: some drag. I t  is awfu l ly  

s m a l l .  I t h i n k  wi th  th i  equipment a more s e r i o u s  

problem is what w e  call  o rque .  Any v i s c o s i t y  of 

the a i r  around t h i s  ball hing wants  to  rotate.  

T h i s  can be minimized by se machining,  v e r y  c a r e f u l l y  
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p o l i s h i n g  o f  b o t h  t h e  bal l  and the: seat i t  f i t s  i n .  S t i l l  

you have those t o  contend  w i t h .  Tn f a c t ,  they  c a n  be 

q u i t e  l a r g e  as cornpared to t h e  100 dyne c e n t i m e t e r s  w e  are 

t a l k i n g  of here. 

WR. GILLESPIE (LRC): On t h e w  t u r b i n e  t o r q u e s  

we have found t h a t  we could minimize t h i s  effect  by tilting 

the  base to the p o i n t  where t h e  ball would no l o n g e r  ro ta te .  

I t h i n k  this w u l d  appreciably roducs  t h e  to rque  i n  t h e  

ground s i m u l a t i o n  t e s t  . 
DR. ROMAN: Any o t h e r  q u e s t i o n s ?  In tha t  case I 

want to  m a k e  a few remarka In r e g a r d  t o  the t h i n g  w e  have 

been t a l k i n g  a b o u t ,  

One i t e m  you might  have n o t i c e d  is tha t  each of 

these exper iments  has  been approached from a somewhat 

d i f f e r e n t  a n g l e .  Some of them have come up w i t h  specifica- 

t i o n s  which m e  n o t  i n  complete agreement w i t h  the 

p r e l i m i n a r y  specifications and some of the  s p e c i f i c a t i o n s  axe 

s l i g h t l y  c o n t r a d i c t o r y  to one a n o t h e r .  On t h a t  my answer 

is t h a t  there  is n o t  any r e a l l y  r i g h t  or wrong about  these 

a t  tb moment. We are a l l  i n  the  stage o f  p l a n n i n g  and 

t r y i n g  t o  find the  best  way of a t t a c k i n g  t h e  problem, The 

p r e l i m i n a r y  s p e c i f i c a t i o n s  were w r i t t e n  t o  t r y  to g i v e  an 

idea to  you people of t h e  s o r t  of t h i n g s  w e  had I;n mind. Some 

of the  r equ i r emen t s  are firm. In other cases, thaugh, w e  

c o u l d  afford t o  back down a l i t t l e  i f i t  t u r n e d  out  t h a t  what 



we were a s k i n g  f o r  w a s  imposs ib l e ,  

l e a s t  i m p r a c t i c a l ,  T h e  a r e  

would be w i l l i n g  t o  t r a d e  one 

To t a k e  a v e r y  s imple  example, 

system, the p r e l i m i n a r y  

15 degree  f i e l d ,  we wanted t o  

stars.  As i t  tu rned  o u t ,  i f  

l a r g e  on  which you could g e t  a 

go t o  f a i n t e r  objects,  I t h i n k  

t h r e e  degree  f i e l d  i f  we w e n t  

stars. I g i v e  t h i s  as a n  exam-?le 

we m u l d  be w i l l i n g  to  c o n s i d e r .  

I n  t h e  c a s e  of the  

t h e  v a r i o u s  exper iments  t h i s  is 

be i r o n e d  o u t ,  I t h i n k  a l l  of 
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or i f  n o t  i m p o s s i b l e ,  a t  

s t i l l  o t h e r  c a s e s  where we 

type of behavior  f o r  a n o t h e r .  

i n  t h e  t e l e v i s i o n  f i n d e r  

s p e c i f i c a t i o n s  i n d i c a t e d  we wanted a 

gee  s i x  and a h a l f  magnitude 

t:ie 15 degree  f i e l d  w a s  t oo  

t e l e v i s i o n  camera t h a t  would 

we cou ld  l i v e  w i t h  a two to 

t o  perhaps n i n t h  magnitude 

of t h e  type of trade off 

c m t r a d i c t o r y  approaches of 

something that w i l l  have t o  

-IS are st i l l  a t  t h e  s t a g e  of 

I have one o t h e r  t h i  g I would l i k e  t o  mention a t  . I  

doing p l a n n i n g  and t r y i n g  t o  

as fa r  as p o s s i b l e  we w i l l  have 

of a t t a c k .  We have approached 

w e  would n o t  des ign  a new veh:.cle 

expe r imen t ,  and 1 t h i n k  w e  are 

In  a d d i t i o n ,  as I 

q u e s t i o n  period, we a r e  not 

veh ide  to a s i n g l e  exper iment .  

w i l l  have t o  be made compatable! 

f i n d  the  b e s t  way. Even tua l ly  

to f i n d  one common method 

t h i s  problem w i t h  t h e  i d e a  

f o r  eve ry  a s t r o n o m i c a l  

still working on t h a t  p l a n .  

mentioned e a r l i e r  d u r i n g  t h e  

pl i ,nning t o  devote  an e n t i r e  

T h i s  means t h a t  t h e  experiment  

w i t h  a common v e h i c l e .  
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t h i s  p o i n t .  That  is the  s p e c i f i c a t i o n s ,  the  p r e l i m i n a r y  

r equ i r emen t s  for t h e  o p t i c a l  detectors which m o s t  of you 

p i cked  up a t  t h e  door t h i s  morning. You may n o t  have had 

t i m e  to look  at them, I t h i n k  a word on those is i n  order .  

W e  have said t h a t  t he  optical  detectors w i l l  be 

the p rov ince  of the expe r imen te r s .  I a n n o t  go ing  back on 

t h a t  s t a t e m e n t  w i th  t h e  e x c e p t i o n  of t h e  t e l e v i s i o n  f i n d e r  

sys tem of c o u r s e .  However, a number of you have been 

a s k i n g  m e  what t y p e  of detectors w i l l  be used  i n  t h i s  problem, 

S i n c e  the  l i g h t  levels and wave l e n g t h  r e g i o n s  are d i f f e r e n t  

f r o m  those which w e  t h i n k  about  when w e  ta lk  about  

e l e c t r o n i c  d e v i c e s ,  M r  . Dunkelman, a s t a f f  scientist f o r  

o p t i c s  and de tec tors ,  has p r e p a r e d  the  p r e l i m i n a r y  r e q u i r e -  

ment t o  g i v e  you people  some idea of t h e  t y p e s  of sys tems 

which t-he expe r imen te r s  and  w e  w i l l  be i n t e r e s t e d  i n .  

I think w i t h  those comments, I w i l l t u r n  t h e  r e s t  

of the  a f t e r n o o n  session ove r  to Dr. S c h i l l i n g .  

DR. SCHILLING: Thank you, Dr. Roman. I t h i n k  

we are g e t t i n g  now i n t o  the  p r e s e n t a t i o n  where w e  thought  

you may have q u e s t i o n s  of a general n a t u r e ,  i n c l u d i n g  

c o n t r o v e r s i a l  ques t ions  and perhaps  some q u e s t i o n s  of what 

comes n e x t .  

L e t  me men t ion  a g a i n  t h a t  today w e  are t a l k i n g  

about  a second g e n e r a t i o n  of exper iments .  I d o n ' t  t h i n k  I 

have t o  d e f i n e  second g e n e r a t  ion  expe r imen t s .  I f  you want 
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some d e f i n i t i o n ,  someth ing  li w e  have more problems 

than  are s o l v a b l e  a t  the  

L e t  m e  start t h i s  o w i t h  ampl i fy ing  o n e  of the  

remarks t h a t  D r ,  R o m a n  made i er i n t r o d u c t o r y  speech .  Dr. 

Roman mentioned t h a t  t h e  p r e  nary  s p e c i f i c a t i o n s  which 

were p r e p a r e d  by Ames Resear e n t e r  and s e n t  o u t  a 

w h i l e  ago t a l k e d  abou t  t h e  V v e h i c l e .  The Vega v e h i c l e  

is a two s t a g e  v e h i c l e  to p l  t h e  s a t e l l i t e  i n t o  o r b i t .  

As D r .  Roman p o i n t e d  o u t ,  no i s i o n  h a s  been made as to 

h e  ther  t h e  s p e c i f i c  s t ab i l i z  n p l a t f o r m  v e h i c l z s  *,far 

a s t r o n o m i c a l  labs w i l l  u t i l i  he Vega or t h e  Agena €3. 

The c a p a b i l i t i e s  as f a r  as s l i t e  o r b i t s  are c o x c r n e d  

are j u s t  about  t h e  same, so i g h t  w e l l  be t h a t  w e  w i l l  

u s e  A t l a s  Agena B.  

According to  t h i s  iminary  q u i c k  look, which 

we have had ,  t h i s  would n o t  ge m a t e r i a l l y  t h e  

s p e c i f i c a t i o n s  which are i n  hands and a n y t h i n g  which  

you heard t o d a y ,  I t  might  t ,  if a n y t h i n g ,  t h e  t i m e ,  

when w e  t a l k  abou t  t h e  firs nching .  You h e a r d  throughout  

t oday  1963, We might  as w e  t h e  end of 1962. We d o n ' t  

know. I t h i n k  I don '  t have l a i n  where our budget  

s t a n d s ,  You a l l  know t h  

QUESTION : When 

p la t fo rm?  

DR SCHILL ING : some money. 



108 

QUESTICN Do you t h i n k  i t  might  be i n  1963, '62 

or '613 

DR. SCHILLING: As D r .  Roman p o i n t e d  o u t ,  the 

p l ann ing  for  test  p r o j e c t s  is n o t  j u s t  budget  a l o n e .  We 

have o t h e r  problems which could  n o t  be s o l v e d  much fas ter  

even w i t h  cash. So I t h i n k  o u r  p l a n n i n g  w i l l  go ahead for  

1963 wi thou t  s p e c i f y i n g  at t h i s  t i m e  whetter i t  w i l l  be 

l aunch ing  v e r y  e a r l y  i n  1963 o r  v e r y  l a t e .  

both ways. I c a n  n o t  see t h a t  i t  w i l l  come much ear l ie r  than  

the  middle or l a t e  1962 i f  w e  are opt imist ic .  Could I have 

some comments from t h e  p a n e l ,  i f  a n y t h i n g  ear l ie r  than  1962 

would be real is t ic?  

T h i s  may change 

I t h i n k  t h a t  w e  have a g e n e r a l  shaking of he ads. 

QUESTION: Launching i n  1962 or procurement  i n  

19623 

DR. SCHILLING: We are t a l k i n g  acco rd ing  t o  t h e  

s p e c i f i c a t i o n s  about  l aunch ing  i n  1963, Perhaps  t o  ampl i fy  

t h i s a  l i t t l e  b i t ,  a t  t h i s  moment we have funded some 

p r e l i m i n a r y  development contracts on a most ly  s t u d y  basis. 

Moneys t h a t  have been funded on t h e  o b s e r v a t i o n  astronomy 

program have been i n  t he  g e n e r a l a r e a ,  

DR. ROMAN: There is a l i t t l e  b i t  go ing  on  i n  t h a t  

area. There are also s e v e r a l  o t h e r  c o n t r a c t o r s ,  some i n  

o p t i c ,  

DR- SCHILLING: F o r g e t t i n g  the  procurement of the 
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booster sys tem,  Vega or A t l a s  e n 8  B booster sys t ems ,  when 

w e  are t a l k i n g  about procureme , w e  are t a l k i n g  abou t  t h e  

n e x t  f i s ca l  y e a r  as t h e  first s s i b i l i t y  for large scale  

development and e v e n t u a l  p rocu  ment. I want to  throw t h i s  

open to  g e n e r d  q u e s t i o n s  on  t a s p e c t .  A r e  there  any o t h e r  

q u e s  tiors ? 

MR. BAXTER (Ryan A e  a u t i c a l  Company): Is there 

any p a r t i c u l a r  p r o c e s s  w e  can  through i n  order  to  

i n t e r e s t  you p e o p l e  i n  s p e c i f  i d e a s ?  Whom would w e  see ,  

for  example? 

DR. ROMAN: I t h i n k  have been t a l k i n g  t o  a 

number of you peop le  i n d i v i d u  y ,  and v e r y  many of t h e s e  

same q u e s t i o n s  have been comi u p .  When can  w e  do  t h e  

f u n d i n g ,  and what.  I t h i n k  I ve t o ld  m o s t  of you t h e  same 

s t o r y  that we canno t  do t h e  f u n d i n g  t h i s  f i s ca l  y e a r .  

However, we do have some mon r s m a l l  s t u d y  c o n t r a c t s .  

These I emphasize w i l l  n o t  c t he  whole sys t em.  They are 

n o t  i n t e n d e d  t o  be that  larg do have a l i s t  h e r e  of 

areas on  which I t h i &  w e  m i  onsider s t u d y  c o n t r a c t s .  

I w i l l  read t h i s  l ist q u i c k l y .  

The c o u r s e  o n  and s l e w i n g  sys t em,  

that is, how you g e t  f r o m  on of t h e  s k y  t o  a n o t h e r  

and s e t t l e  down t h e r e .  

The f i n e  stab1 ystem. 1 t h i n k  t h i s  is 

one w e  have a l l  gone t h r  gh. There is no p a r t i c u l a r  

. I  
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d i f f i c u l t y  about  i t ,  
the 

Means of b a l a n c i n g / s a t e l l i t e  i n  o r b i t .  I t  has  been 

brought  up s e v e r a l  times t h a t  the s a t e l l i t e  is g o i n g  to  have 

to  be a c c u r a t e l y  balanced.  T k r e  have been q u e s t i o n s  raised 

as to  whether you can measure b a l a n c e M n / p a r t  i n  t e n  t o  t h e  
one 

th i rd  wh i l e  t he  v e h i c l e  is on tha ground i n  a s t r o n g  

g r a v i t a k i o n a l  f i e l d ,  I t h i n k  we might be i n t e r e s t e d  i n  

look ing  i n t o  ways i n  which w e  d o n ' t  have to do it thoroughly  

f r o m  t h e  ground. 

The e f f e c t  of magnet ic  and g r a v i t a t i o n a l  f i e l d s .  

This has come up s e v e r a l  t i m e s  Imday. I t  mag be that 

there has  been enough work done,on thak already so that  no 

f u r t h e r  work is needed. 

An a c q u i s i t i o n  t e l e v i s i o n  system, a f i n d e r  telescope. 

A backup system f o r  t h i S .  I f ee l  we would be 

rather unhappy t o  p i n  t h e  whole experiment  on  a t e l e v i s i o n  

sys tem.  We would  l i k e  some other  way of f i n d i n g  o u t  where 

the telescope is p o i n t i n g  or directing i t  to a n o t h e r  p a r t  of 

the s k y  i n  t he  absence of a working TV system, 

The data storage sys t em has come up. In p a r t i c u l a r  

there I a m  t h i n k i n g  about  the  storage far exper iments  such  

as the Michigan experiment  which D r .  L i l l e r  described,, 

a d  the experiment  which M r .  Davis  described. I have a l r e a d y  

covered  the  detector f i e l d .  Even tua l ly  w e  hope to p r e p a r e  

some p r e l i m i n a r y  s p e c i f i c a t i o n s  in the  area of communications 

t e l e m e t r y  and data h a n d l i n g  s i m i l a r  to those which w e  have 



d i s t r i b u t e d  i n  the o t h e r  t w o  

been p r e p a r e d .  I imagine i t  

t h e y  are.  These are areas and 

w e  t h i n k  w e  would c o n s i d e r  s t u d y  

As to when w e  w i l l  

be h e a r i n g  from o u r  procuremer t  

T h i s  would go through them, a r d  

today ,  who have s i g n e d  cards 

i n t e r e s t e d ,  w i l l  r e c e i v e  m y  

d i s t r i b u t e d .  

For tk sake of t h e  

t w o  areas which have been b r o c g h t  

n o t  t h i n k  w e  w i sh  to  p u r s u e  
I 
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f i e l d s .  These have n o t  y e t  

w i l l  be a month or t w o  before 

t h e  t y p e s  of areas i n  v h i c h  

c o n t r a c t s .  

r e q u e s t  t h e s e ,  I th ink  you w i l l  

depar tment  in t h i s  matter.  

a l l  of you who are here 

and  l e t  u s  know t h a t  you are 

in fo rma t ion  on t h a t  when i t  is 

comple t eness ,  I might  ment ion 

up s e v e r a l  t i m e s  which I do 

v e r y  s t r o n g l y  a t  t h i s  p o i n t .  One 

of these I have mentioned a1 dy ,  t h e  e f f ec t  of s p a c e  

environrnen t on materials a n  mponents.  The o t h e r  i s /power  

s u p p l y .  The r e a s o n  is n o t  I do n o t  f e e l  t h a t  these  

areas are i m p o r t a n t .  They i o u s l y  are h i g h l y  c r i t i c a l  

fo r  t h e  s u c c e s s  of t h i s  p r o  a However, t h e y  are also 

c r i t i ca l  fo r  t h e  s u c c e s s  of y o t h e r  p r o j e c t s ,  and t h e r e  

are rather  large programs a 

poss ib i l i t i e s  and t h e  p r o b l  i n  t h e s e  f i e l d s .  

the 

dy unde r  way i n v e s t i g a t i n g  t h e  

DR. SCHILLING: T you. A r e  there  any o t h e r  

q u e s t i o n s  on t h i s  s u b j e c t  a 

MR. REICHENBACH ( f o t t  Co., Washington, D. C . 1 :  

Can  you o u t l i n e  how NASA i n  s to o r g a n i z e  t h e  sys t em and 
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subsystem? You have one prime c o n t r a c t o r  t h a t  w i l l  manage 

t h e  subsystems? 

DR, SCHILLING: I w i l l  a g a i n  ask D r .  Roman to 

answer,  bu t  a long  w i t h  some i n t r o d u c t o r y  remarks. Some of 

you may be familiar w i t h  our p r e s e n t  p r a c t i c e s  which go bo th  

ways. Normally NASA r e t a i n s  top  management c o n t r o l  fo r  

a l l  its p r o j e c t s .  Prime cantracts have been l e t ,  l i k e ,  

f o r  example, i n  o u r  Able P r o j e c t  where the  prime contract 

is l e t  w i t h  t h e  mis s i l e  d i v i s i o n  o f  the A i r  Force w i t h  the  

Space Technology Laboratories. That  is one instance I 

where t he  Space Technology L a b  is engaged i n  t h e  contract. 

We have a n o t h e r  way, I t  goes to  the Space F l i g h t  

C e n t e r  where we are b u i l d i n g  up,  t a k i n g  s c i e n t i f i c  

c a p a b i l i t i e s  as w e l l  as s u p e r v i s o r  c a p a b i l i t y ,  w e  w i l l  

assign v a r i o u s  sys tem management r e s p o n s i b i l i t i e s ,  

As to t h e  s p e c i f i c  p r o j e c t  here ,  no f i n a l  d e c i s i o n  

has  been made, and w i l l  not be made for  a while.  D r .  Roman 

may have some s p e c  i f  i c  comments . 
DR, ROMAN: I d o n ' t  t h i n k  I have v e r y  much to add 

to what a l r e a d y  has  b e e n s t a t e d .  TIE d e c i s i o a  has  no t  been 

made as to whether w e  w i l l  do t h e  major system management 

in-house or i n  i n d u s t r y .  However, I t h i n k  that a large 

s h a r e  of the c o n t r a c t i n g ,  a large share of t h e  work other 

t h a n  sys t em management w i l l  c e r t a i n l y  go out  to i n d u s t r y .  

DR. SCHILLING: A t  some la te r  time we  nay i n v i t e  
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complete o v e r a l l  sys tem manag t ,  b u t  as h a s  been p o i n t e d  

at, t h i s  has n o t  been decided ystem management c o n t r o l  

w i l l  be e x e r c i s e d  by o u r  s t a f  one o f  our c e n t e r s ,  T h i s  

may be Ames Research Center, l e y ,  maybe In cooperatioa 

w i t h  a s m a l l  task group and j ec t manager,  

MR. STEINMAYER (Be rcraf t)  : Can w e  p u r s u e  

t h a t  a l i t t l e  f u r t h e r ?  When ge t  to  p u t t i n g  your  hardware 

t o g e t h e r ,  am I r i g h t  i n  t h i n  t h a t  you p e o p l e  w i l l  

p robab ly  s u b c o n t r a c t  th  e act  o i n i n g  of t h e  sys t ems  i n t o  

one package and  check o u t  to 

DR, SCHILLING: Th ear v e r y  l i k e l y .  

I n  o t h e r  words, w e  have v a r i  tiea. To answer 

more p r e c i s e l y ,  normal ly  i n  w e  can  t a l k  abou t  

f i e l d  packaging ,  where i t  t stage and p u t  a 

payload  cn t o p .  This  p a y l o a  a l l  k i n d s  o f  p l a c e s ,  

v a r i o u s  u n i v e r s i t i e s  c o n t r i  n t s  and s o  on .  We 

u s u a l l y  have t h i s  pay load  p . A t  t h i s  p o i n t ,  t he  

Army Bal l i s t ic  Missile Agen u i t e  a b i t  w i t h  u s  

i n  t h e  Juno Program, and is . Again i n  ou r  Able 

P r o j e c t ,  i t  w a s  done by STL l i k e l y  t ha t  some of 

these t h i n g s  c a n  be done by t e r .  When w e  get  

t o  t h e  second  g e n e r a t i o n  ex t h i s  one  h e r e ,  

when w e  t a l k  abou t  experime n o t  s m a l l  p r o j e c t s  

any more, b u t  w e  have to ta  a d  sys t ems .  

I n  a d d i t i o n  t o  t h  ch o u r  own C e n t e r  w i l l  
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prepare actual a s s a b l y  of t h e  complete v e h i c l e  and launch  

m y  be by the A r m y ,  A i r  Force o r  Navy or  through mutual 

c o o p e r a t i o n .  I t  is v e r y  l i k e l y  we w i l l  look for  a contractgr for 

e v e r y t h i n g  wh ich  is above the basic booster sys tem,  and ask 

f o r  complete assembly. However, w e  w i l l  n o t  ask t h i s  agency 

to do the  s u b c o n t r a c t i n g  f o r  s c i e n t i f i c  expe r imen t s ,  

T h i s  is a long  answer. Are you thoroughly  confused? 

DR. ROMAN: One t h i n g  w e  have been t h i n k i n g  a b o u t  

i n  t h i s  is t h a t  we might l i k e  t o  r e i e r v e  t h e  r i g h t  to s p e c i f y  

s u b c o n t r a c t o r s  i n  c e r t a i n  areas. T h i s  would of c o u r s e  

app ly  t o  t h e  exper iments  and you have mentioned it might app ly  

to the  t e l e m e t r y .  

MR. STEINMAYER: Pur su ing  that one s t e p  f u r t h e r ,  

assuming you would have some c o n t a c t  do t h a t  f o r  you, would  

you care t o  make any n o n - d e f i n i t i v e  comment about  what that 

c o n t r a c t o r  p a r t i c i p a t i o n  might be i n  the s p a c e  program? 

DR. SCHILLING: I n s t e a d  of answering i n  the f u t u r e  

l e t  m e  go back and g i v e  an example. If you remember the 

P i o n e e r  f l i g h t s  , something s i m i l a r  w a s  i n  effect ,  namely, 

where ABMA d id  part of t h e  launching ,  as I remember, and 

some of you have been i n v o l v e d ,  I t h i n k  the r e s p o n s M l i t y  

af ter  the  v e h i c l e  w a s  up a c e r t a i n  a l t i t u d e .  Such an 

arrangement  might be possible. Thisof  c o u r s e  depends on the  

capabi l i ty .  Also a mutual  a r rangement .  There may be a 

p o s s i b i l i t y  of t w o  o r  th ree  contrac.tars j o i n i n g  together. Are 



t h e r e  any o t h e r  comments o r  qu  

MR. TURNER (Republ ic  

do you v i s u a l i z e  would be t h e  

v e h i c l e s  i n t o  s p a c e  i n  1963? 

DR. SCHILLING: O r b i  

p r o j e c t s ?  

MR. TURNER: Y e s .  

DR. SCHILLING: I t h  

o u r  p a n e l  w a s  p robab ly  t h i n k i n  

y e a r ,  is t h a t  correct. 

DR, ROMAN: I d o n ' t  

Tha t  is what w e  would l i k e  to  

DR. SCHILLING: As 1 

month, I am happy, b u t  to  g i v e  

j u s t  a r t i f i c i a l ,  Of c o u r s e ,  w 

w e  have gone through de t a i l ed  

problems unso lved ,  so much dep 

are the s o l u t i o n s .  If I throw 

that  is  i n  t h e  r i g h t  b a l l  park  

Would you agree w i t h  t h i s ?  Dr  

budge t ing  f o r  a long  t ime.  W 

neck o u t ?  

DR. KUPPERIAN: If y 

you p robab ly  c o u l d .  

DR. ROMAN: I t h i n k  
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s t ions  along t h i s  l i n e ?  

Avia t ion  C o r p o r a t i o n )  : What 

ltimate fund ing  t o  ge t  seven  

t i n g  as astronomical o b s e r v a t o r y  

nk  a comment w a s  made t h a t  

of a b o u t  o n e  l aunch ing  a 

hink w e  a c t l a l l y  s t a t e d  t h a t ,  

e e .  

ng as i t  is not  one e v e r y  

you a f i g u r e  would be r e a l l y  

have gone through budge t ing ,  

u d g e t i n g ,  b u t  w i t h  s o  many 

nds on when and how expens ive  

ou t  someth ing  l i k e  $25 m i l l i o n  

n o t  c o u n t i n g  t h e  boosters. 

Kupperian h a s  been i n  t h e  

u l d  you care t o  s t i c k  your  

u d o n ' t  have any t r o u b l e s ,  

he real answer t o  t h i s  
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q u e s t i c n i s  t h a t  t he  person  who asks i t  and t h e  others i n  the 

a u d i e n c e  c o u l d  p robab ly  cba bet ter  job of t e l l i n g  u s  t b n  w e  

can of t e l l i n g  them. 

DR. SCHILLING: Any more q u e s t i o n s  a long  t h i s  

g e n e r a l  l i n e  of manager ia l  arrangements ,  c o n t r a c t m  1 

arrangements3  

M R .  BAXTER: I d o n ? t  remember w h a t  you said,  If 

w e  have ideas,whom would w e  see? 

DR. SCHILLING: Whom would you see? Well, as i n  t h e  

past, I want t o  e x p l a i n  t h a t  D r .  Roman is head of our 

O b s e r v a t i o n a l  Astronomy Program. me, is one of the projects  

where s h e  has a d m i n i s t r a t i v e  management and r e spons ib i l i t y ,  

Par t ic ipat ing i n  t h i s  p r o j e c t  ftom t h e  NASA e n g i n e e r i n g  

s c i e n t i s t s ,  o u r  Amea Research C e n t e r .  They have 

prepaped t h e  p r e s e n t a t i o n .  Some of you have v i s i t e d  them o u t  

t h e r e .  

J u s t  come and see D r  . Roman e I t h i n k  your 

q u e s t i o n  w a s  r e a l l y  related to t h e  immediate i n t e r e s t  for 

s t u d y .  Any i n q u i r i e s  you have,  please address them to  D r ,  

Roman. If you have pro jec t  proposals j u s t  address them to  

N a t i o n a l  Aeronau t i c s  and Space Admin i s t r a t ion .  They w i l l  a l l  

go to o u r  Research and Contract O f f i c e ;  D r .  Lloyd Wood w i l l  

r e c e i v e  them. They w i l l  a g a i n  end up w i t h  Dr. Roman. I t  is 

her r e s p o n s i b i l i t y  and h e r  associates t o  m a k e  d e c i s i o n s .  

DR. ROMAN: I s h o u l d  l i k e  to repeat what I stated 
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e a r l i e r ,  though,  t h a t  I t h i n k  1 of you w i l l  be h e a r i n g  

from our procurement  o f f i c e ,  ope i n  t h e  n o t  too d i s t a n t  

f u t u r e ,  wh ich  w i l l  g i v e  a few r e  d e t a i l s  on t h e  p r o c e s s  

of s u b m i t t i n g  p r o p o s a l s  f o r  s y c o n t r a c t s  i n  t h e s e  areas .  

M R .  GILBERT (Bendix r p o r a t i o n ) :  W i l l  t he se  be 

on a c o m p e t i t i v e  bas i s ,  or w i  these  be a s o r t  of 

s o l i c i t e d  list? 

DR. XHILLING: The jor procurement  items as w e l l  

as small i tems,  r e g a r d l e s s  of nds ,  w i l l  be m a  c o m p e t i t i v e  

b a s i s .  I n  fac t ,  w i t h i n  t h e  A omy and Astrophysics Program 

a l l  t h e  basic r e s e a r c h  c o n t r  that have been le t s o  f a r  

have been c o m p e t i t i v e .  B e l i  e ,  w e  have had hundreds  

of p r o p o s a l s .  However, when a l k  about  s t r a i g h t  

procurement i t e m s  as a g a i n s t  c research a s p e c t s ,  w e  t a l k  

about  formal b i d d i n g  pr ocedu 

DR. ROMAN: I t h i  u l d  l i k e  to  r e s t a t e  what 

3;ou have sa id  i n  a s l i g h t l y  e n t  way. I a m  s a y i n g  t h e  

same t h i n g .  Any p r o p o s a l s  you submi t  t o  u s  are 

n e c e s s a r i l y  go ing  to be j u d  a c o m p e t i t i v e  basis .  If 

Bendix s u b m i t s  a p r o p o s a l  a n submi t s  a p r o p o s a l  f o r  

t h e  same t h i n g ,  w e  are i n  ook a t  i t  and d e c i d e ,  w e l l ,  

who looks l i k e  t h e y  are go i  g e t  t h e  bes t  r e s u l t s  

and who is go ing  to do i t  f l eas t  money. I d o n ' t  

t h i n k  we are a t  t h e  s tage  w e can g i v e  you a f i r m  s e t  of 

s p e c i f i c a t i o n s  and go  o u t  t type  of b i d s  where w e  w a n t  
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t h e  lowest p r i c e  cn producing 10 packages w i t h  v e r y  detailed 

p a r t s  to them. 

DR. SCHILLING: S ince  funding  w a s  mentioned, t h i s  

list which you read, D r .  RomanS t h i s  does not t a l k  of 

m i l l i o n s  of dollars?  

DR. ROMAN: N o .  

DR. HELVEY: What k i n d  of c e i l i n g  would you say?  

You s a i d  n o t  a m i l l i o n  d o l l a r s .  $100,0003 $50,0003 

$10,000 

DR. ROMAN: I-th&ak i t  depends l a r g e l y  on t h e  

contract. I t h i n k  t h e  numbers you have been mentioning 

are i n  the r i g h t  bal l  pa rk  -- no t  t he  m i l l i o n  d o l l a r s .  

DR. SCHILLING: I n  t h e  p r e s e n t  f i s c a l  y e a r  t h e  

funds  are v e r y  much l imited,  We are r e a l l y  t a l k i n g  about  

something l i k e  10 to 5 0  thousand d o l l a r s  i n  one s u b j e c t  area 

as against  t h e  o t h e r ,  which is r e a l l y  something to ge t  

s t a r t e d  i n  research development a long  t h i s  l i n e .  

D r .  Roman, you have t w o  f i l m s  which w i l l  be shown, 

I unde r s t and  e 

DR. ROMAN: Would you l i k e  t o  see a f i l m  on t h e  

a i r  f l o a t i n g  p l a t f o r m  o r  not?  

DR. SCHILLING: S i n c e  also earlier t h i s  morning 

t h e r e  was mentioned a s t u d y  being done by DP. Meinel  

for t h e  N a t i o n a l  Sc ience  Foundat ion in basic r e s e a r c h  

a s p e c t s  of astronomy i n  s p a c e ,  is D r .  Meinel i n  t h e  audience?  
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Perhaps  if you c o u l d  come up e and describe i n  a few 

words how t h i s  f i t s  i n ?  I mention t h a t  w e  have i n  

e x i s t e n c e  o u r  working group o rbi t ing astronomical 

o b s e r v a t o r i e s  and D r ,  Meinel a m e m b e r  of i t .  Could you 

come up and descr ibe i n  a f e w  n u t e s  what you are do ing  

and  how i t  f i ts  i n  w i t h  the  1 r a n g e  p l a n s ?  

DR. MEINEL: D r .  Sc l i n g ,  e a r l i e r  today, i n  

fact  s t a r t i n g  the p r e s e n t a t i o  D r .  Roman mentioned t w o  

r e a s o n s  to go above s p a c e .  the expe r imen t s  t h a t  have 

been described i n v o l v e  one o ose r e a s o n s  o n l y .  That  is 

the fact  t h a t  you are above s e l e c t i v e  a b s o r p t i o n  of the 

atmosphere. The o ther  one ,  e the  t u r b u l e n c e ,  leads to  

a n o t h e r  a s p e c t  that is t h e  h e s o l u  t i o n  o n e .  

Rockets have gone the  atmosphere, and have 

e x p l o r e d  t h e  u l t r a v i o l e t  sec a€ the  s u n .  Also b a l l o o n  

telescopes have gone h igh  i n  atmosphere to  g a i n  

r e s o l u t i o n .  As i n  the case e rockets,  the b a l l o o n  h a s  

o n l y  an  o c c a s i o n a l  g l impse .  a t s  are s l o w  i n  between 

and t h e y  s e r v e  as,  a g a i n ,  r o  to  whet the appet i te  of 

s c i e n t i s t s  to  know t h i n g s  a e b i t  more on a c o n t i n u o u s  

basis. 

F o r g e t t i n g  the f a  t you need  a v e h i c l e ,  w e  

are examining t h e  q u e s t i o n  t what would meet both 

r e q u i r e m e n t s .  T h i s  has  l e d  a s ize ,  a 50 i n c h a p p e r t u r e  

as b e i n g  the  smal les t  s ize  ope  t h a t  would permit a 
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s i g n i f i c a n t  g a i n  i n  a n g u l a r  r e s o l u t i o n  o v e r  ear thbound 

telescopes. T h i s  s e t s  a rather l a r g e  s i ze  and i n v o l v e s  q u i t e  

a t i t  of weight  and is o u t  of the q u e s t i o n  as f a r  as t h e  

vehic les  that w e  have been t a l k i n g  about today are 

concerned .  

W e  also c o n s i d e r e d  what would be the most desirable  

o r b i t  to p u t  t h i s  i n  and came to the conc lus ion  t h a t  t h e  24 

hour o r b i t  has many t h i n g s  t o  commend i t .  You s u f f e r  q u i t e  

a pay load  p e n a l t y  to  g e t  to t h a t  a l t i t u d e ,  you mus t  admit,  

b u t  s u c h  t h i n g s  as g r a v i t a t i o n a l  t o r q u e  are less  by factors 

of t h e  order of a hundred or  more, r e d u c i n g  the d i s t u r b a n c e  

problem from t h e  g r a v i t a t i c n x l  t o r q u e .  Your g a i n  o u t s i d e  

t h e  Van A l l e n  zone  is r o u g h l y  t h e  same l e v e l  you would ge t  i n  

some of the  l o w  a l t i t u d e  o r b i t s .  You s t i l l  have the  

r a d i a t i m p r e s s u r e  problem to  b o t h e r  you.  You are o u t  of 

the  s p u t t e r i n g  problem e n t i r e l y .  You have a c o n t i n u o u s  

access problem so t h a t  t h e r e  is no data storage i n v o l v e d .  

In s h o r t , y o u  admit to  t h e  pay load  p e n a l t y ,  you have b e n e f i t s  

from the re  on .  

T h i s  type of p r o j e c t  is -- Dr. S c h i l l i n g  r e fe r s  

to the one d i s c u s s e d  today  as the second g e n e r a t i o n  for t h i r d  

o r  f o u r t h  g e n e r a t i o n ,  N e v e r t h e l e s s ,  some of the  problems 

a p p e a r  to  have s u c h  a magnitude t h a t  some s t u d y  has to be 

done r e a s o n a b l y  e a r l y .  That  i s o n e  of t h e  r e a s o n s  why w e  

are e x p l o r i n g  i t ,  As f a r  as v e h i c l e  goes, t h e r e  are v e h i c l e s  
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on the ho r i zon  s u c h  as the  S n t h a t  have t h e  payload 

c a p a b i l i t y  f o r  24 hour o r b i t  t is r e q u i r e d  by t h i s  

a s t ronomica l  requi rement .  I r de ta i led  d e s i g n  w e  have 

departed a f e w  p l a c e s  from t i lo sophy  of t h e  p r e s e n t  one .  

One is i n  o u r  star a c q u i s i t i  nd guidance sys tem.  W e  have 

one advantage which I c a n  s h  r a p h i c a l l y  by t h e  globe h e r e .  

We 'are off 6 . 6  e r a d i i  so t he  s a t e l l i t e  is 

somewhere i n  t h i s  p o s i t i o n  r e s p e c t  to the globe. 

As a consequence,  w e  can  s e  de stars which are never  

occu l t ed  by the ear th  o r  moo a consequence,  we can have 

cont inuous  a c q u i s i t i o n  and  e on the  stars, and the 

system t h a t  w e  w i l l  env i sag  l l y  more of a n a v i g a t i o n a l  

sys t em which p i c k s  t w o  b r i g  s and o p e r a t e s  cnthem 

almost c o n t i n u o u s l y .  

The method of ac n is s imply  t h a t  once YOU 

have o r i e n t e d  the s u n ,  you of f  a d e f i n i t e  ang le ,  

as D r .  Code is propos ing ,  l y  p i c k  up t h e  f irst  

b r i g h t  s ta r .  Then you ca second ang le  to  p i c k  UP 

your second s ta r .  You tr your c o o r d i n a t e  sys tem 

and remain on t h i s .  As 1 e v e h i c l e  has  

o r ien ta t ion  p o s i t i o n ,  you c t  your stars and m a i n t a i n  

t h e s e  and observe  some 90 of the sky  wi thou t  moving 

off t h e  stars. So i t  s i  m e  of t h e  g u i d i n g  problems.  

Of c o u r s e ,  tLe cont inuou on if t h i s  c a n  be 

o p e r a t e d  means t h a t  you r l y  large d i s h e s ,  you 
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d o n ' t  need 60 foot  d i s h e s t o  s l e w  a t  h i g h  a n g u l a r  ra tes  to  

keep on your  t a rge t ,  You c a n  o n l y  t ake  a c c o u n t  of t h e  

small p e r t u r b a t i o n s  produced by t h e  e q u a t o r i a l  bu lge  and 

t h e  moon on s u c h  an o r b i t .  We are e x p l o r i n g  some of these 

problems . 
The moment you g e t  t o  something as b ig  as 50 i n c h e s  

there  is a fundamental  q u e s t i o n  as t o  whether  you can e v e r  

expect to p u t  a t e l e s c o p e  of that s i ze  i n  orbit w i t h  

anything approach ing  t h e  t h e o r e t i c a l  r e s o l u t i o n  which is 

one of t h e  r e a s o n s  why w e  wanted to ge t  up  t h e r e  i n  the  f i r s t  

place. So there are many problems and many s t e p s  invo lved .  

T h i s  s t u d y  w i l l  go on and e x p l o r e  some of these 

s o l u t i o n s ,  I th ink  the re  is mutua l  b e n e f i t  i n  some of these 

sys t ems .  The p o i n t  I mentioned to D r ,  T r i p l e t t  abou t  the 

problem of b e i n g  able t o  move i n  a c o o r d i n a t e  s y s t e m  from 

one object t o  t h e  o t h e r .  I n  our case we have the same 

l i m i t a t i o n s ,  w e  p u t  t h e  i n e r t i a l  absorber on the  n a v i g a t i o n a l  

sys t em.  So you neve r  change y o u r  i n e r t i a l  absorbers a t  a l l .  

So you ge t  r i d  of some of these minor problems.  The 

t e c h n i q u e s  of s e t t i n g  t h e  t e l e s c o p e  a re  d i f f e r e n t .  You 

s imply  measure s h a f t  a n g l e s  w i t h  r e s p e c t  to  your n a v i g a t i o n a l  

sys t em to  your  main package.  

These methods are used  c o n v e n t i o n a l l y .  The 

q u e s t i o n  of s h a f t  d i g i t i z i n g  is rather s t a n d a r d  process so 

t h a t  i t  i n v o l v e s  a d i f f e r e n t  t y p e  of a c q u i s i t i o n ,  Of c o u r s e ,  
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t h e  accuracy  w i t h  which  you c fundament a l l y  s e t  t h e  

telescope is s t i l l  l i m i t e d  to  erhaps  three minutes  of arc. 

But  t h i s  is u s u a l l y  close eno t o  p i c k  up the  o b j e c t  you 

w i s h  to s t u d y  i n  your  prime o ca l  sys tem.  So i t  perhaps 

h a s  an advantage  f r o m  t h a t  s t  

Now, t h e r e  are undo o ther  bunch o f  

q u e s t i o n s  coming up s i n c e  t h e  t o r q u e  is n o t  

changed.  I n  our p r e l i m i n a r y  we h i t  a r a t h e r  

d f f i c u l t  problem. For i n s t a n  mple c o n f i g u r a t i o n  

wise, because  t h e  solar c e l l s  i a l l y  b l a c k ,  the 

res t  o f  your  v e h i c l e  w i l l  p r o  i t e  because  of 

thermal  problems.  If your  r s u r e  i s b a l a n c e d  on 

t h e  c e n t e r  of g r a v i t y  i n  one  , you change i t ,  

you s h i f t  t h e  c e n t e r  of g r a v  develop  a new t o r q u e .  

I t  seems, o f f h a n d ,  a b o u t  the  that  is r e a l l y  

independent  of t h i s  is a whi  a l l  covered  

w i t h  f reckles ,  and the  f reck ce l l s .  Of c o u r s e  

they  are n o t  working a t  maxi y ,  b u t  i t  is t h e  

o n l y  c o n f i g u r a t i o n  w e  can  s e  e any symmetry. 

I t h i n k  t h i s  o u t l i  he t h i n g s  t h a t  

w e  have been l o o k i n g  a t  w i t h  some day t h e  

c a p a b i l i t y  may ex is t  and nee  

i n s t r u m e n t .  

DR. SCHILLING: Th 

h o p e f u l l y ,  maybe three years  
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w e  h e a r d  a b o u t  t h i s  morning are a l l  s o l v e d  and the v e h i c l e  

approaches a coun t  down stage, w e  w i l l  have a similar 

meet ing  here where w e  w i l l  d i s c u s s  what  to do n e x t .  

A r e  w e  r e a d y  for t h e  f i l m  now? 

DR. ROMAN: Maybe I can  take t h i s  t i m e  to  m a k e  

one announcement which I w a s  a sked  t o  make. I t  has  n o t h i n g  

to  do w i t h  o u r  program today .  Dr. Helvey, d R a d i a t i o n ,  I n c . ,  

h a s  asked m e  to ca l l  your  a t t e n t i o n  t o  a symposium on s p a c e  

t r a j e c t o r y  which is b e i n g  sponsored  by A W A  and t h e  American 

A s t r o n a u t i c a l  S o c i e t y ,  b e i n g  h e l d  i n  Or lando,  Florida,  

i n  mid-December. For d e t a i l s  I s u g g e s t  you see h im.  You 

had be t te r  s t a n d  up s o  t h a t  p e o p l e  w i l l  know what  you look 

l i k e .  

A r e  t h e r e  any o t h e r  q u e s t i o n s  wh i l e  w e  are w a i t i n g ?  

QUESTION: If by some stroke of l u c k  someone s h o u l d  

p ropose  a nove l  idea f o r  a development program, would t h a t  

idea be p u t  up  for  c o m p e t i t i v e  b i d s ,  or  c a n  a n e g o t i a t e d  

c o n t r a c t  be a r r anged?  

DR. ROMAN: I t h i n k  I see what p u  mean. I t h i n k  

the q u e s t i o n  w e  were answer ing  before was a l i t t l e  b i t  

d i f f e r e n t  from t h a t .  I t h i n k  at  t h i s  study c o n t r a c t  phase  w e  

would c o n s i d e r  t h a t  t h e  c o m p e t i t i t o n  w a s  i n  t he  ideas, I t  

does n o t  mean t h a t  having/g iven  an idea,  w e  would t h e n  t a k e  
been 

i t  and send  i t  o u t  t o  i n d u s t r y  for bids .  

DB. SCHILLING: Any more q u e s t i o n s ?  



MR. BURNELL ( A e r o n a u t i c a l  

t h i s  24 hour o r b i t ,  have you 

c a r e  to  s a y  something about t h s  

s a t e l l i t e  ove r  t h e  p a r t  of t h e  

s e e  i t  over  a r e a s o n a b l e  p e r i o d  

MR. MEINEL: We have 

to c o n s i d e r  i t  when we were 

achieve t h i s  c a p a b i l i t y  f o r  o t k e r  

impor tance .  T h e r e f o r e ,  we 

That is an e a s y  way o u t .  

DR. SCHILLING: 

g e t  one of your o b s e r v a t o r i e s  

p r o j e c t  i o n i s  t . 
DR.  ROMAN: M r .  

Research C e n t e r .  H e  owns one 

w a i t i n g  t o  s e e .  

MR, GILLESPIE: The 

Programs a t  t h e  Lang ley  Research 

p r e l i m i n a r y  work have come up 

some a p p l i c a t i o n  i n  t h i s  part:.m 

No. 1, we have been working on 

which makes use  of s i l i c o n  

would be o r i e n t e d  to  the  

be connec ted  i n  a b r i d g e  c i ra i i t  

then  would be working a g a i n s t  

s i g n a l .  The c o n f i g u r a t i o n  we 

Lab) :  With r e s p e c t  t o  

c m s i d e r e d ,  o r  would you 

problem of keeping  t h e  

e a r t h  from which you can 

of t i m e ?  

cons ide red  t h a t  and ceased  

s imply t o l d  t h a t  t h e y  had t o  

problems of f a r  greater 

assumed t h a t  i t  would be achieved .  

Dr.R:oman, i t  looks  l i k e  we might 

up b e f o r e  we can g e t  a 

G i l l . e s p i e ,  from t h e  Langley 

of t h e  f i l m s  which we a r e  

Space O r i e n t a t i o n  C o n t r o l  

C e n t e r ,  I b e l i e v e  i n  ou r  

a h  t w o  r e s u l t s  which may have 

lar space m i s s i o n .  I t e m  

a des ign  f o r  a s o l a r  WnWr . 

ce:.ls mounted a t  an ang le  which 

d i r e c t i o n  of the s u n .  These would 

and t h e i r  o u t p u t  of c o u r s e  

each  o t h e r  to g i v e  a c o n t r o l  

have drawn or p i c t u r e d  on t h e  



first  s l i d e .  

(S l ide)  

I d o n ' t  -now if t h i s  is v i s i b l e  t o  the peop 
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e i n  

the back. On t h e l e f t  s i d e  w e  show what  w e  ca l l  some coarse 

s e n s o r s  i n  t w o  a r r angemen t s ,  one w i t h  an i n d e n t e d  or 

i n v e r t e d  pyramid around t r i a n g u l a r  c e l l s  which i n  t h i s  case 

would have a c a p t u r e  c a p a b i l i t y  of approximate ly  90 

degrees. I n  t he  bottom case w e  have r a i s e d  t h e s e  c e l l s  up 

a b o v e , t h e  s u r f a c e  of the  v e h i c l e  which i n  t h i s  case is n o t  a 

f l a t  s u r f a c e ,  b u t  which c o n t i n u e s  the s lope  of the  s i l i c o n  

c e l l s  and i n c r e a s e s  the  a n g l e  of c a p t u r e  to  approx ima te ly  150 

degrees.  For t h i s  case t h e  c e l l s  are mounted 60 degrees 

from what wmld be t h e  normal f l a t  s u r f a c e .  Over on the  other  

s i d e  w e  show t h a t  by a d d i n g  a s h i e l d ,  the s h i e l d  is a 

l o n g  r e c t a n g u l a r  column, w e  can  i n c r e a s e  t h e  s e n s i t i v i t y  

of t h i s  a r rangement  by t h e  shadow e f f e c t  from t h e  s h i e l d .  

For l o n g  d u r a t i o n  operat im i n  o r b i t  w e  have  

i n d i c a t e d  a possible scheme f o r  c o r r e c t i n g  any a g i n g  e f f e c t s  

which would t e n d  to change t h e  character is t ics  of the 

i n d i v i d u a l  components.  However, w e  are u n c e r t a i n  as to  

how much change m g  o c c u r  and j u s t  how b ig  the problem might  

be.  

I n  t h e  n e x t  s l i d e  w e  show t h e  measurements made of 

t h e  v o l t a g e  o u t p u t  of the coarse and  f i n e  s e n s o r s  which w e  

described. I n  t h i s  p a r t i c u l a r  case the  s o u r c e  of l i g h t  w a s  
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t h e r  l o w  i n t e n s i t y  compared an  aircraft  l a n d i n g  l i g h t  of  

to t h e  s u n ,  and each c e l l  w a s  e a l l y  made up of six 

i n d i v i d u a l  s o l a r  c e l l s ,  which s the reason f o r  t h e  rather 

l a r g e  voltage o u t p u t .  But t h  large v o l t a g e  o u t p u t  is 

one reason for  going  to the  s i c o n  c e l l s .  That is, w e  f e e l  

t h e r e  would be less  a m p l i f i c  on r e q u i r e d  i n  that a c t u a l  

f i n a l  design.  

The cu rve  i n  red r t h e  coarse 

sensors;  by add ing  the  s h i e l d  can improve t h e  s e n s i t i v i t y  

by t h e  s h i e l d .  I t h i n k  tha t  11 be enough for  t h e  s l i des .  

DR. ROMAN: Do we e a p r o j e c t i o n i s t  f o r  t h e  

movie now? 

MR. GILLESPIE: I t k I cou ld  probably  sum up 

what t he  movie i n d i c a t e s .  sed a p r e l i m i n a r y  v e r s i o n  of 

t h i s  solar  enso or i n  connec w i t h  t h e  s imple  s o l e n o i d  

o p e r a t e d  a i r  j e t  s y s t e m ,  co i t rogen,  and the p o i n t i n g  

accu racy  achieved  t o  date h een p l u s  o r  minus 18 seconds  

of arc. To do be t te r  than  in t he  ground s i m u l a t i o n  tes t  

made w i t h  the u s e  of t h e  he her ica l  air b e a r i n g  would seem 

to r e q u i r e  some a t t e n t i o n  t duc ing  the t r a d i t i o n a l  back- 

ground n o i s e  from the  room, p l e  walking arourrd t he  

room and a i r  c u r r e n t s  and t k e .  But w e  f e e l  t h a t  t h i s  

solar s e n s o r  can be develop  ong w i t h  a more r e f i n e d  

c o n t r o l  sys tem t o  g e t  k w n  e one second of arc p o i n t i n g  

accuracy  which has  been me  
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The other  t h i n g  which t h e  f i l m  shows is one of 

t w o  methods w e  have been lookirg i n t o  fo r  means of unloading  

the f lywhee l  to p r e v e n t  s a t u r a t i o n .  Both methods t h a t  w e  

are c o n s i d e r i n g  would make u s e  of tb reaction w e  c a n  o b t a i n  

w i t h  t he  e a r t h ' s  magnetic f i e l d .  I n  the f i l m  w e  have made 

tes ts  w i t h  a combination system of a f lywheel  working a long  

w i t h  a bar magnet, w i t h  the  boar magnet g i v i n g  a c a p a b i l i t y  

for  reducing  the  f lywhee l  speed. 

A second a l t e r n a t e  method which we have n o t  y e t  

t e s t e d  b u t  which looks feasible  for  the  case where the  

i n e r t i a l s  af the s a t e l l i t e  are c l o s e l y  e q u a l  -- i n s t e a d  of 

d e s i g n i n g  t h e  f lywhee l  i n  t h e  form eP an e l o n g a t e d  

c y l i n d e r ,  to maximize the magnet ic  s k i n  damping effect  

t ha t  c a n  be o b t a i n e d  by L s p i n n i n g  body in the earth 's  

magnet ic  f i e l d .  T h i s  seems l i k e  a possible s o l u t i o n .  

I think if we have %he f i l m ,  we can then  s ta r t .  The 

f i l m  has  t i t l e s  which are somewhat self  e x p l a n a t o r y .  

DR. ROMAN: I would l i k e  to s u g g e s t  t h a t  s i n c e  

there has  been the  d i f f i c u l t y  and the delay i n  the f i l m  

and I know t h a t  a t  least; some of you have other appointments  

to catch, t h a t  perhaps we s h o u l d  ad jou rn  the  meet ing,  and 

then  those of you who would l i k e  to s t a y  to  see the  t w o  

movies are per fec t ly  welcome to do so. 

Before I ad jou rn  I have a message here f o r  Mr. 

Reichenbach of Kearfott  Company, i f  he w i l l  see m e .  I want 



t o  thank you a l l  for ooming. 

w a i t i n g  t h i s  a f t e r n o o n ,  b u t  I 

wait i n g .  Back a t  c o l l e g e  i t  u 

for  a f u l l  p r o f e s s o r ,  and t h e  

s ta r t led  to  see a room f u l l  o 

However, thank you, and I i m a  

I know you w i l l  be h e a r i n g  frl 

(Thereupon at  3:15 
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I a m v e r y  s o r r y  I kept  you 

a p p r e c i a t e  your l o y a l t y  i n  

ed t o  be you wai ted  t e n  minutes  

you l e f t .  So I was r a t h e r  

peop le  h e r e  when I r e t u r n e d .  

i n e  I w i l l  be s e e i n g  you a g a i n .  

m m e .  

. m . ,  the  meet ing was conc luded . )  



Figure I - Milligan - Goddard Space F l i g h t  Center 

Photocells 

I 24" 
i 



NATIONAL AERONAUTICS 

WASHIN 

Tuesday, 1 

PRESS CONFERENCE 

The press  conferencc 
p m , Mr, H e r b  R o s e n  presiding 

PRESENT: 

MR HERB ROSEN, p r e s i d i n g  

DR ROBERT JASTROW. G o d d a r d  SI 
of t h e  L u n a r  Science Groi 

DR, HAROLD UREY, Sc r ipps  I n s t :  
s i t y  of C a l i f o r n i a ,  La J( 

DR,  THOMAS GOLD, C o r n e l l  Univc 

DR. HARRISON BROWN, C a l i f o r n i l  
Pasadena, C a l i f o r n i l  

+ '  

LND SPACE ADMINISTRATION 

ION 25, D. C. 

lecember 1959 

ON LUNAR SCIENCES 

w a s  ca l led  t o  order a t  4:OO 

Ice F l i g h t  C e n t e r ,  C h a i r m a n  

; U t e  of O c e a n o g r a p h y ,  Univer- 
- l a s  C a l i f o r n i a ,  

- s i t y ,  Ithaca, N e w  York, 

I n s t i t u t e  of Technology, 

+ 



MR, ROSEN: Ladies a d gent lemen Welcome to what 
we l o o s e l y  c a l l  a p r e s s  

For  those of you who 
s h i p  of t h e  Lunar S c i e n c e  Group., 
Gordon MacDonald, U n i v e r s i t y  ofl 
p h y s i c s ,  Los Angeles ;  H a r r i s o n  
Technology,  Pasadena ;  Harold 
og raphy ,  U n i v e r s i t y  of Califorr l ia ,  
Morris Ewing, Columbia U n i v e r s i t y ,  
J e t  P r o p u l s i o n  L a b o r a t o r y ,  
Thomas Gold, C o r n e l 1  U n i v e r s i t y ,  
Ross i ,  MIT, Cambridge; Frank 

I s h o u l d  t e l l  you wh w e  are having  t h i s ,  I t  is a 
rare and f i n e  o p p o r t u n i t y  t h a t  e have p r e s e n t e d  t o  US t o  
b r i n g  b e f o r e  you peop le  s u c h  a D r ,  U r e y ,  D r ,  C o l d ,  and D r ,  
Jastrow, t o  d i s c u s s  t h e  t h i n g  t h a t  is r e a l l y  foremost i n  our 
minds -- t h a t  is, t h e  moan. i 

are i n t e r e s t e d  i n  t h e  m e m b e r -  
it consists of t h e  f o l l o w i n g :  

C a l i g o r n i a , ,  I n s t i t u t e  of Geo-  
Brown ,, C a l i f o r n i a  I n s t i t u t e  of 

Urey ,  S c r i p p s  I n q t i t u t e  of Ocean- 
La Jcalla, California; 
N e w  Ysrk; A ,  R .  Hibbs, 

Pasa.dena; E r n e s t  S t u h l i n g e r ,  A B M ;  

Press, C a l i f o r n i a  I n s t i t u t e  of 
I t h a c a ,  New York; Bruno 

T h i s  is the r e a s o n  h o l d i n g  t h e  p r e s s  c o n f e r e n c e .  
But t h e  r e a s o n  for b r i n g i n g  i n t o  town is t h a t  these g e n t l e -  
men are members of t h e  NASA S c i e n c e  Group, Yesterday 
t h e y  met w i t h  o t h e r  NASA what is loosely known as 

s c i e n t i s t s  t h a t  there problems 
i n  t h e  e x p l o r a t i o n  of 
concerned  w i t h  t h e  

and geo- 

and Space 

of G e n e t i c s ;  and t h e  Chairman 
Goddard Space F l i g h t  C e n t e r ,  

The Group w i l l  be an  i n v a l u a b l e  s o u r c e  of ideas and 
recommendations as i t  has  been i n  t h e  past fo r  t h e  c o n t i n u i n g  
l u n a r  s c i e n c e s  program of t h e  a t i o n a l  A e r o n a u t i c s  and Space 
A d m i n i s t r a t i o n .  I t  w i l l  be ab e t o  assist t h e  O f f i c e  of Space 
S c i e n c e  i n  d e f i n i n g  s c i e n t i f i c  objectives, p a y l o a d s ,  and 
s u p p o r t  r e q u i r e m e n t s  f o r  a sou  d n a t i o n a l  scientific l u n a r  
program 

is Rober t  Jastrow, of t h e  



On t h e  p l a t f o r m  w e  a v e ,  from my r i g h t  t o  l e f t ,  
DI.. Gold ,  Dr. Jastrow, D r ,  U r  y l  and D r ,  H a r r i s o n  Brown. 
L a i e r  on pe rhaps  D r .  R o s s i  of MIT w i l l  be i n ,  

With r e f e r e n c e  t o  
i t  w a s  sponsored  by NASA, I t  
' l 'heoretical D i v i s i o n  of Godda.rd. 
t h e  problems of l u n a r  r e s e a r c h ,  

tientlernen, you arc ere  before  t h e  p r e s s ,  They 
a re  t o  g l e a n  from you your d s  of' wisdom. We arc go ing  

oassed  o u t  t o  a f newsmen, Material t h a t  
w i l l  bc s c r i p t  w i l l  be used  for  v a l u a b l e  

words w i l l  t h e n  be 

t h a t  w i l l  p robably  a p p e a r .  
a t r a n s c r i p t  w i l l  be a v a i l a b l e  

n t h e  confe rence  and g ive  you 
nce w e  had y e s t e r d a y  w i t h  t h e  

each  o f  t h e  p a r t i c i p a n t s ,  
open t o  you on t h e  

some t i m e  tomorrow morning. 

l ' l o o r .  

t h e  c o n f e r e n c e  w e  had y e s t e r d a y .  
w a s  h e l d  s p e c i f i c a l l y  by t h e  

I t  concerned  i t s e l f  w i t h  
n o t  t h e  money and management 

DH. JASTKOIY: I f  p s s i b l c ,  I would l i k e  t o  propose 
t h a t  w e  t h r o w  t h e  f l o o r  open for q u e s t i o n s  a f t e r  I make a 
f e w  remarks t o  t h e  members of 1 the Group. 

wc would like to o b t a i n  a n s w c r s .  
answers ,  a n d  i n  y e s t e r d a y ' s  

MH. ROSEN: One o t  e r  c r i t e r i o n ,  The s u b j e c t  is 
t h e  Moon. There w i l l  be n o t  i n g  on p a y l o a d s ,  n o t h i n g  on  
programs w i t h  r e g a r d  t o  when something is coming o f f ,  and 
t h a t  is t h e  p r i n c i p a l  r e a s o n  

why we care  about  t h e  
c o n f e r e n c e  t o  a v e r y  l i m i t e d  

D r .  Jastrow? I 
DH, JASTROW: We a e v e r y  p l e a s e d  t o  have t h e  

o p p o r t u n i t y  t o  t a l k  w i t h  you and answer your q u e s t i o n s .  

I n  t h i s  c o n f e r e n c e  which w a s  r u n  i n  a v e r y  in fo rma l  
manner, t h e  morning s e s s i o n  a s  devo ted  t o  some d i s c u s s i o n  
o f  t h e  meteorites and t h e i r  r i g i n .  These are small b o d i e s ,  
some small, some l a rge ,  whic f a l l  on t h e  s u r f a c e  of t h e  
E a r t h ,  and there is good rea on for  b e l i e v i n g  t h a t  some of 
them a t  l e a s t  come f r o m  t h e  i oon. There is a great deal 
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Following t h e  
meteorites and some d i s c u s s i c n  
t o  l u n a r  matter,  H a r r i s o n  Brcwn 
an ' h n a l y s i s  of t h e  d i s t r i b u t i o n  

~ 4 

d i s c c s s i o n  of t h e  o r i g i n  of t h e  
of t h e i r  p o s s i b l e  r e l a t i o n  

p r e s e n t e d  t h e  r e s u l t s  of 
Qf s i zes  and we igh t s  of t h e  

of d i s p u t e  about  t h i s  las t  p i n t .  That  d i s p u t e  w a s  i n t e r -  
woven throughout  t h e  d i s c u s s  on y e s t e r d a y ,  

major f r agmen t s ,  major meteorites,  
duced t h e  Ar izona  meteor crater ,  
S ibe r i a  i n  1908,  I t h i n k ,  

D r ,  U r e y  i n  p a r t i c  lar  d i s c u s s e d  h i s  ideas on t h e  
o r i g i n  of t h e  meteori tes .  I t h i n k  he would be d e l i g h t e d  t o  
t a l k  t o  you about  tha t  p o i n t  as web1 p s  about  h i s  ve ry  s t r o n g  
i n t e r e s t  i n  t h e  moon i t s e l f ,  apart from t h e  p o s s i b l e  f r a g -  
ments  t h a t  i t  r a i n s  on u s .  " 

such  as might have pro- 
and t h a t  which f e l l  i n  

I 

p o r t a n t  f i r s t  exper iment  tba.', 
of t h e  moon. 

F i n a l l y ,  Thomas Gold 
c u r r e n t  on t h e  p r o p e r t i e s  of 

If I a m  no t  mi s t ak  n ,  he mentioned t o  m e  a t  one 
p o i n t  t h a t  on t h i s  e x t r a p o l a  ion such  l a r g e  f a l l s  were about  
t e n  thousand y e a r s  apar t ,  H may w i s h  t o  s a y  someth ing  
about t h a t ,  or some other  as  ect  of h i s  research. i 

one might conduct  i n  t h e  v i c i n i t y  

I 

d i s c u s s e d  somd of t h e  ideas 
t h e  l u n a r  s u r f a c e ,  t he  n a t u r e  

Harvey A l l e n  was a p r e s e n t  and t a lked  t o  u s  
about  some r e - e n t r y  s t u d i e s  on h i s  a b l a t i o n  work 
and re la ted t o  t h e  a b l a t i o n  i n  t h e  atmosphere.  

John  O'Keefe t a l k e  and t h e  
g e n e r a l  problem of the  meteo 

Gordon ho u n f o r t u n a t e l y  has had t o  catch 
a p l a n e  back t o  lked about  t h e  i n t e r i o r  of the  

c o u r s e  of s or so of l i f e t i m e ,  and t h e  
moon, its a t  is, how hot it w a s  d u r i n g  t h e  

c a c t i v i t y ,  moonquakes, e t  
cetera .  
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If one looks around 
record m i g h t  be p r e s e r v e d ,  I 
p l a c e s  where  t h i s  record of 
is v e r y  w e l l  p r e s e r v e d  i n  
bad,  b u t  v a l u a b l e  i n  many w a y s  
runn ing  water on t h e  E a r t h  
t h e  E a r t h  and g i v e n  i t  a very  
l as t  b i l l i o n  y e a r s  o r  s 0 ,  B u t  
t he  more a n c i e n t  record 

5 

t o  f i n d  p l a c e s  where t h e  
b e l i e v e  t h a t  there  are a few 

the  h i s t a r y  of t h e  solar  s y s t e m  
several  w a y s ,  The E a r t h  is ra ther  

I t  is bad because there  is 
which  has  changed t h e  s u r f a c e  of 

i n t e r e s t i n g  h i s t o r y  d u r i n g  t h e  
t h i s  runn ing  water h a s  d e s t r o y e d  

of t h e  mare, e t  ce t e ra .  1 

T h a t  concluded  the a y e s  s e s s i o n ,  I t h i n k  a l l  
p a r t i e s  concerned  en joyed  it e r y  much- There was a great  
deal of' v e r y  loud d e b a t e  and i t t e s  wrang l ing  which w e  
c a r e f u l l y  p r e s e r v e d  on t a p e  a d hope 80 be a b l e  t o  have you 
hear and o t h e r  people  hear so E e d a y ,  i f  it is r e p r o d u c i b l e .  

Tha t  is a l l  t h a t  I ave t o  s a y ,  I would l i k e  
t o  throw i t  open t o  t h e  f l o o r ,  P 

MR. ROSEN Are theke any q u e s t i o n s ?  

QUESTION: D r ,  J a s t  ow, you said t h a t  you d i s -  
c u s s e d  q u e s t i o n s  t o  which you would l i k e  t o  o b t a i n  t h e  
answers ,  and why you would li e them, Would you enumerate 
t h e s e  for us'? 

DR, JASTROW' Yes"! L e t  m e  ask Harold U r e y  whether 
he would first comment on w h  w e  would l i k e  t o  have these 
answers ,  why w e  t h i n k  t h e  moon is an  impor t an t  object t o  
s c i e n c e "  

DR-  UREY People  ave been i n t e r e s t e d  i n  t h e  
h i s t o r y  o f  t h e  E a r t h  for  a t i m e .  I t  is a n  i n t e r e s t  t h a t  
c o n c e r n s  a g r e a t  many t h e  p r e s e n t  t i m e .  People  
have been much o r i g i n  of t h e  solar sys t em,  
n o t  o n l y  t h e  are  a l l .  a c q u a i n t e d  w i t h ,  
b u t  because so l a r  sys tem is an example 
of t he  the re  are  many. 

a t  all and hence 
t h e  e v e n t s  are recorded the re  
s i n c e  t h e  t i m e  t h a t  t h e y  

The meteori tes  are  a n o t h e r  sample of  matter i n  which 
a r e c o r d ,  a v e r y  a n c i e n t  rec r d  is p r e s e r v e d ,  We know from 
them t h a t  i t  is abou t  43 bil i o n  y e a r s  s i n c e  a great  many of 
t h e  p r o c e s s e s  t h a t  produced hese o b j e c t s  o c c u r r e d ,  
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We are f u l l y  expec 
of t h e  moon w i l l  g i v e  u s  add 
very  a n c i e n t  record of t h e  s 

And so t h i s  i n  i ts  
some i n t e r e s t i n g  q u e s t i o n s .  
e v e r  c o m p l e t e l y  melted? If  
t h i s  r e q u i r e s  t h a t  w e  had a 
a l o n g  t i m e  ago t h a t  produce 
no t  c o m p l e t e l y  m e l t e d ,  was i 
what ways was t h i s  produced? 

A l s o ,  I a m  much i n  
p o i n t  of  the  abundance of t h  
fundamental  abundance of  t h e  
are t r y i n g  t o  e x p l a i n .  We p 
of material t h a t  w a s  of i n t e  
No, there are a l o t  of t h i n g  
b u t  a t  l eas t  w e  are f e e l i n g  
The moon w i l l  s u p p l y  t h i s  i n  

There are o t h e r  t h  
which shou ld  have a we l l -p re  
t h e  moon is nea rby ,  and it  h 
I t  is c o l d  enough t o  p r e s e r v  
w e  wish  t o  i n v e s t i g a t e ,  and 
place i n  o u r  e x p l o r a t i o n  of 

Does t h a t  s u i t  you 
say?  

DR. JASTROW: Y e s .  
t o  i t .  

YR. ROSEN: We m i g  

6 

i n g  t h a t  t he  s u r f a c e  r e g i o n s  
t i o n a l  i n f o r m a t i o n  about  a 
lar  s y s t e m .  

I f  w i l l  e n a b l e  u s  t o  answer 
For  example,  was t h e  moon 
t w a s  c o m p l e t e l y  mel ted ,  t h e n  
e r y  h igh  t empera tu re  p r o c e s s  

t h e  E a r t h .  Or i f  i t  w a s  
p a r t i a l l y  m e l t e d ,  and i n  
Things  of t h i s  s o r t .  

e r e s t e d  i n  i t  from t h e  s t a n d -  

e l emen t s  t h a t  t h e  p h y s i c i s t s  
a c t i c a l l y  exhaus t ed  a l l  s o u r c e s  
e s t  t o  u s ,  namely the meteorites. 
t o  know about  the  meteori tes ,  

he need of a d d i t i o n a l  samples .  
c e r t a i n  w a y s ,  we t h i n k .  

e l e m e n t s ,  what is t h e  

ngs.  There a r e  t h e  a s t e r o i d s  
e rved  record as w e l l .  But 
s no a tmosphere ,  no water. 
a g r e a t  many of t h e  t h i n g s  

o t h i s  is our  f i r s t  s t o p p i n g  
pace. 

Bob, as a beg iqn ing ,  l e t ' s  

L e t  m e  add three  s e n t e n c e s  

t a l so  have r e b u t t a l .  
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Another  t h e o r y  holds  t h a t  t h e  s u n  itself w a s  formed 
by t h e  c o n d e n s a t i o n  of i n t e r s t  1 l a r  g a s  and a s  t h e  s u n  condensed 
i n t o  a d i s k  and under  g r a v i t a t ' o n a l  a t t r a c t i o n  t o  a more compact 
mass, there w a s  some mass l e f t  around the o u t s i d e  of i t  which i n  
t u r n  condensed i n t o  smaller ce t ters,  and those a re  t h e  p l a n e t s ,  

N o t  t h e  p l a n e t s  b u t  t l ea s t  smal l  objects which  may 
have been of p l a n e t a r y  s i ze ,  o may have been smaller ,  a n d  t h e y  
co l l i ded  i n  t h e  c o u r s e  af some of them, and because  l a rge  
masses a t t r a c t  more a n  small  bodies ,  there was a n  
i n s t a b i l i t y  and t u a t i o n  c o u l d  produce ve ry  l a rge  
bodies  by t h e  s e c r e t i o n  proces 

The p o i n t  I want t o  ake is t h a t  i f  t h e  s o l a r  sys t em 
w a s  formed o u t  of h o t  gas  of t e s u n  t h e n  s u r e l y  t h e  bodies i n  
t h e  so l a r  sys t em were a t  one t ' m e  v e r y  h o t ,  and  t h e  moon and 
e a r t h  a s  t h e y  condensed must h v e  been i n  m e l t e d  form before t h e y  
s o l i d i f i e d ,  i 

On t h e  other h a n d ,  t h e  Condensat ion o c c u r r e d  out of 
cool gas b y  a c c r e t i o n  of sma l l  objects  t h e n  i t  is ve ry  l i k e l y  
t h a t  t h e y  were neve r  melted un ess  r a d i o a c t i v e  e l e m e n t s  in t h e  
i n t e r i o r  ra i sed  t h e  m e l t i n g  We w i l l  a l s o  have l e a r n e d  a 
g rea t  d e a l  abou t  t h e  of l i f e  abou t  o the r  s t a r s  which  
is a s u b j e c t  of a n d  s c i e n t i f i c  i n t e r e s t .  

The p robab i l i t i e s  of c o l l i s i o n  between two stars i s  
very  remote.. On t h e  other han i f  t h e  s o l a r  sys t em was formed b y  
t h e  c o n d e n s a t i o n  process i t  is much more probable t h a t  there a r e  
p l a n e t s  a round a great  many st 

Of those p l a n e t s  t h  ones which happen to be of abou t  
t h e  size of t h e  e a r t h  and abou t h e  r i g h t  d i s t a n c e  from t h e i r  
s tars t o  ge t  t h e  same amount (9 r a d i a t i o n  a s  t h e  e a r t h ,  w i l l  have 
c i r c u m s t a n c e s  f a v o r a b l e  for  t h  i crea t ian  of l i f e  a s  w e  know i t  
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The i d e a s  t h a t  one 
sys t ems  t h e r e  might  b e .  of 
the correct i n t e r p r e t a t i o n  here, 
t h a t  pe rhaps  a l l  s l o w l y  r o t a t i n g  
otherwise ve ry  d i f f i c u l t  t o  
because  t h e i r  s p i n  has been 
of ma te r i a l  g i v i n g  rise t o  
modern t h e o r i e s  of t h e  o r i g i n  

de02 

k a s  abou t  h o w  many &her so la r  
course is very  much dependent  upon 

One has r e a s o n  t o  b e l i e v e  
s t a r s  a r e  ro t a t ing  so s lowly  

e l ap la in ,  a re  r o t a t i n g  so s l o w l y  
l o s t  th rough f r i c t i o n  w i t h  a d i s k  

p l q n e t s  s u c h  a s  i s  o n e  of t h e  more 
of t h e  so la r  s y s t e m ,  

T h i s  is a l l  i n  t h e  ackground of t h i s  problem of 
de te rmin ing  t h e  o r i g i n  of t h e  s o l a r  s y s t e m ,  

A s  Harold  has s a i d ,  i n  t h a t  problem t h e  moon is t h e  
most i n t e r e s t i n g  o b j e c t  in t h  s k i e s  for u s ,  nearby ob jec t ,  
because  its h i s t o r y  has been r e s e r v e d  throughout  its l i f e  of 
t h r e e  or  f o u r  b i l l i o n  years, 

DR. GOLD Of c o u r s  I comple te ly  agree w i t h  what 
h a s  been s a i d  about t h e  impor a n c e  t o  t h e  unde r s t and ing  and 
o r i g i n  o f  t h e  so la r  sys tem t h  i t t h e  moon g i v e s  us; 

I n  t h a t  case one w o  I d  t h i n k  t h e n  t h a t  a l l  s lowly  
r o t a t i n g  s t a r s  a r e  s t a r s  poss s s i n g  p l a n e t a r y  sys t ems  or a t  
l e a s t  d i s k s  of g a s  that. a r e  c pable of condensing into 
p l a n e t a r y  s y s t e m s ”  

I n  a d d i t i o n  t o  seei t h e  d e t a i l s  of t h e  g e o l o g i c a l  
record embeded i n  t h e  moon, of t h e  geo log ica l ,  a s  i t  were 
l u n o l o g i c a l  r e c o r d  o f  t h e  s o l a r  s y s t e m ,  t o  see t h a t  embeded 
t h e r e ,  i n  a d d i t i o n  t o  t h a t  one might a l s o  d i s c o v e r  f a c t s  about  
t h e  o r i g i n  of  t h e  so l a r  s y s t e  from t h e  dynamics of t h e  gas  
which  is st i l l  in e x i s t e n c e  no and which  might g i v e  u s  a c l u e  
abou t  t h e  g a s  dynamics t h a t  mi h t  have been responsible  fo r  
t h e  a c t u a l  fo rma t ion  process a d t h e  d i s t r i b u t i o n  of t h e  
momentum i n  t h e  sys tem.  I 

Would you l i k e  m e  to1 s a y  something abou t  t h e  moon? 

DR. JASTROW I f  you h a d n ‘ t  f was go ing  to say now 
l e t ’ s  g e t  t o  some of t h e  t h i n g  t h a t  w e  r e a l l y  got  h o t  abou t  
y e s t e r d a y ,  namely. what  is on h e  su r face  of t h e  moon how do 
w e  t h i n k  i t  compares w i t h  ou r  I d  i d e a s ,  What do  you t h i n k ?  

DR. GOLD: I have be n propos ing  t h e  p o i n t  of view 
t h a t  t h e  moon i t s e l f  h a s  been 
t h a t  t h e  p r e s e n t  f e a t u r e s  on i s s u r f a c e  r e l a t e s  t o .  through 
lnost of i ts  h i s t o r y  i t  has  bee c o l d  o r  l a r g e l y  cold. cold 
enough so  t h a t  no very  l a rge  c anges  of i n t e r n a l  o r i g i n  have  

hrough most of t h e  h i s t o r y  

o c c u r r e d ,  i 
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YOU don't f i n d  any d i s p l a c e m e n t s  

DR. GOLD: Khen yot. 
not t h a t  i t  is precisely 

DR. tJASTfiOW: z kn w t h i s  w o n ' t  be on  t h e  t r a n s -  
c r i p t ,  Urey got  US i n t e  ested in t h e  moon and its 
p a r t i c u l a r  impor tance  someti e ago -- a y e a r  or so ago. 
When he f i r s t  showed US h i s  r a p h  o f  t h e  moon we saw Very 
I j . t t le o n  i t ,  I t  took a yea of look ing  a t  i t  to  real.lY 

D r ,  

see all these t h i n g s ,  

produced by mountains .  

say a n  exact  c i r c l e ,  i t  is 
c i r c u l a r ,  b u t  no way h a s  i t  s h i f t e d ,  

DR, UtlEY : I t a lwa  

DR. JASTROW: I wo to make sure t h a t  you 
g e t  t h e  p o i n t s  t h a t  are i n v o  

e a r t h ' s  s u r f a c e ,  ;I l o t  of 
if YOU like, and come along a. 

markings staked o u t  w i t h  s t a k e s ,  
b i l l i o n  years l a t e r ,  there 

OH. GOLD: Yes, 1 

would have d i sp laced  this vervy 

DR. JASTKCiYJ: I s n ' t  
sucqh c o n f i g u r a t i o n s  might l a s t  
years?  

DR. JASTROW: I f  n l o n g e r ,  I t  is a s h o r t  time. 

DK. GOLD: Mot for e r o s i o n ,  Q u i t e  a p a r t  from 
e r o s i o n ,  fo r  r e a s o n s  of 
Upon the earth's 

deformations t h a t  a r e  impressed 
d e f o r m a t i o n s  a r e  c o n s p i c u o u s l y  

a b s e n t  o n  t h e  moon, 

g r e a t l y .  

i t  cor rec t  t h a t  on  t h e  e a r t h  
about ten t o  a hundred m i l l i o n  

JASTROIY: T h a t  eans t h a t  e v e r y t h i n g  here is 
three, or f o u r  b i l l i o n  years 
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p r e t t y  convinced t h a t  a l l  t h e  
due  t o  impacts w i t h  q u i t e  Parg 
reasonable way of i n t e r p r e t i n g  
indeed  t h e  a c t u a l  even p r e s e n t  
t h e  e a r t h  by s u b s t a n t i a l  piece 
a c e r t a i n  f r a c t i o n  t o  be due t 
t h e y  a l l  look much aIj?tc! ,  we t 
t h e y  a r e  d u e  t o  impacts, then 

ock marks t h a t  you ucc are 

t h e  d e t a i l e d  f e a t u r e s ,  and 
day rate of bombardment on 

would sugges t  i n  a n y  case 
t h a t  p r o c e s s .  And s i n c e  

crefore suppose a r e .  Sf 
.hey must be due t o  impacts 

objects.  The re  is no o t h e r  

t h a t  o c c u r r e d  a t  t h e  time t h a t  
bigger ones, t h e  b u l k  of t h e  
because  otherwise t h e  e a r t h  would 

So t h i s  p u t s  t h e  who e s t o r y  back, t h a t  t h e  b u l k  
of t h i s  bombardment must have e e n  o n l y  a b o u t  a b i l l i o n  years 
ago. P 

preceded, a t  l eas t  for  t h e  
g(9ological record on t h e  ear th ,  

show t h a t  k i n d  of a s u r f a c e .  

That  a l o n e  p u t s  i t  a 
b i l l i o n  y e a r s  ago. O t h e r w i s e  

M t t e r  of more t h a n  a b o u t  a 
we would go t o  t h e  Canadian 

a s  any r e g i o n ,  f o r  @xample,  

But i t  i s n ' t .  These 
a l l  erosion t h e y  would still  
a n c i e n t  r e g i o n s  of t h e  e a r t h .  
might  be some there b u t  t h e y  
c o n c e n t r a t i o n ,  

he rb ,  would be. 

boles a r e  q u i t e  deep.  Alespite 
s h o w  i n  t h e  geology of t h e  

They are  n o t  there. There 
a re  no t  there i n  t h i s  k i n d  of 

DR. GOLD: I n  f a c t  
t h a t  d a t e  s u b s t a n t i a l l y  furthe::  

ole would be i n c l i n e d  t o  p u t  
back. But I t h i n k  one c o u l d  

years ago, most p robab ly  someth ing  

QUESTION: What k i n d  
h i t t i n g  t h e  moon a t  a n  o b l i q u e  

like three. 

of a mark would an object 
angle l e a v e ?  

s u r f a c e  a t  a v e r y  h i g h  speed do 
a b u l l e t  would a t  a much lower 
hole is formed c h i e f l y  by pushing 
way by t h e  impac t .  

A t  these v e r y  h i g h  

n o t  make a n  impact hole l i k e  
speed because  t h e  b u l l e t ' s  

t h e  material out of t h e  

speeds t h e  hole is made n o t  
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p a r t  of t h e  h o l e  is made j u s t  rom t h e  sudden release of t h i s  
ex t r eme ly  h o t  gas ,  a l a r g e  qua  t i t y  of very h o t  gas t h a t  is 
sudden ly  r e l e a s e d .  
s p e a k i n g ,  a hole whose shape a a n y  r a t e  is n o t  very 
dependent  on the d i r e c t i o n  at h i c h  t h e  p i e c e  came i n .  
is j u s t  t h a t  a t  those speeds a g so l id  behaves l i k e  a n  

That  makes a c i r cu la r  hole, roughly 

I t  

e x p l o s i v e  a t  impact .  

QUESTION: What sor t  of a swarm of material  might 
w e  have r u n  th rough  8 c o u p l e  8 b i l l i o n  y e a r s  ago to create 
a s i t u a t i o n  l i k e  t h a t  on t h e  m 

DR. GOLD: Some of u t h i n k  t h a t  t h a t  is t h o  
s w a r m  of material  t h a t  was r ea  Ly par t  of t h e  o r i g i n  of 
t h e  so l a r  sys t em m a t e r i a l .  
is perhaps t h e  t a i l  end  of t h e  mater ia l  t o  be picked up to  
form t h e  p l a n e t s .  Some of tha ve ry  t a i l  end  p e r h a p s  is 
still i n  e x i s t e n c e  now as mete 

Th t what you a re  seeing here 

DR. GOLD: And a s  as eroids.  There is no doubt  
t h a t  if you waited long enough now t h a t  t h e  meteoritic 
material  in t h e  solor s y s t e m  8 d t h o  as te ro id  m a t e r i a l  i n  
t h e  so la r  system is being depl  t e d  because  i t  is s t i l l  being 
picked up  by p l a n e t s ,  undoubte  Py i n  much grea te r  q u a n t i t y  
a t  t h e  moment t h a n  i t  is being s h a t t e r e d  off them. 

But of course one two I d  e x p e c t  t h a t  t h e  f i n a l  
phase  of s u c h  a process would ake a very  long time. By 
t h e  time you have only a few eces l e f t ,  c o m p a r a t i v e l y  
f e w ,  i t  w i l l  take a long  time o ga the r  them a l l  up. 

So sometime i n  t h e  st t h e  rates, presumably ,  
were Higher and were r e s p a n s l  @ for a l l  t h i s .  Some of - u s  
t h i n k  t h a t  this is t h e  k i n d  o s u r f a c e  which a body w i l l  
have on i't when i t  has j u s t  b 
tair!  d i s t r i b u t i o n  of large a n  small  pieces 

n p u t  together from a cer- 

One aim is t o  inter e t  t h e  l u n a r  features in 
t h i s  l i g h t ,  and  w i t h  t h e  grea a b s e n c e  of any  i n t e r n a l  
u p h e a v a l ,  w i t h  no mountain bu d i n g  process of i n t - e r n a l  
o r i g i n  b u t  o n l y  w i t h  t h e  pock arks  b e i n g  t h e  o n l y  s u r f a c e  
f e a t u r e s ,  o n e  is v e r y  tempted o t h i n k  -- a t  leas t  I am 
v e r y  tempted to  t h i n k  -- t h a t  here w e r e  no large i n t e r n a l  
r e - m e l t i n g  processes, t ha t  t w e r e  no large l a v a  f l o w s ,  
no grea t  o u t p o u r i n g s  of i n t e  material ,  because  s u c h  
o u t p o u r i n g s  of i n t e r n a l  mate one  would t h i n k  would t e n d  
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DR. JASTROW: Don't  t h e s e  

DR. GOLD: The argument 
f o l l o w i n g ,  and  t h i s  is t h e  one  t h a t  
dark  r e g i o n s  t h a t  you see, which 
n o t  q u i t e  f l a t ,  t h a t  a l l  t h e s e  
f l o o d i n g  by a v e r y  f l u i d  l a v a ,  f l u i d  
i t s e l f  f l a t  o v e r  b ig  d i s t a n c e s ,  and  
enormous amount of v o l c a n i c  a c t i v i t y  
T h i s  idea of c o u r s e  became c u r r e n t  
s t i l l  though t  of t h e  pock marks 

There  is so much e v i d e n c e  
v iew,  of t h e  pock marks be ing  
a c c e p t  t h e  p o i n t  of V i e w  t h a t  these 
s t i l l  hang on  t o  t h e  idea t h a t  t h e  
i n t e r n a l  o r i g i n .  

12 

look l i k e  l a v a ?  

h a s  u s u a l l y  been t h e  
I oppose: That  a l l  t h e  

a r e  remarkably f l a t ,  though 

enough t o  d i s t r i b u t e  

must have o c c u r r e d .  

r e g i o n s  were caused  by 

t h a t  t h e r e f o r e  a n  

a t  t h e  t i m e  when one  
themse lves  b e i n g  volcanos .  

a g a i n s t  t h i s  p o i n t  of 

a r e  impact craters  b u t  
f l a t  r e g i o n s  were l a v a  of 

vo lcanos ,  t h a t  most people 

t o  d i s t o r t  a l l  t h e  ad jacent  regio s, d i s t o r t  the g r o u n d  and  
b u c k l e  i t  and c o n t o r t  i t ,  a s  o n  t h e  e a r t h  w i t h  
much smaller  o u t p o u r i n g s  t h a t  o c c a s i o n s  been  
suggested. 

DR. JASTROW: How abou t  
of t h e  p a r e n t  volcano? 

t h a t  Russ i an  o b s e r v a t i o n  

The q u a n t i t i e s  of gas ,  
t h a t  come up from t h e  i n t e r i o r  of 
a p a r t  from t h e  b ig  e r u p t i o n s ,  a r e  
show u p  op t i ca l ly  q u i t e  e a s i l y  on 

There  is no q u e s t i o n  t h a t  
w e  see, and p robab ly  n o t  t h e  back, 
e v e n  t h e s m a l l e s t  of ac t ive  terrestrial  

DR. GOLD: The Russ i ans  e p o r t i n g  a vo lcano ,  I 
would l i k e  t o  make c lear  t h a t  w e  b l i e v e  t h a t  any volcano,,  
any  a c t i v e  vo lcano  o f  a terrestria s o r t ,  s u c h  a s  there a r e  
hundreds of on  t h e  e a r t h ,  o n  t h e  f o n t  f a c e  o f  t h e  moon would 
have shown up i n  a way t h a t  w e  have known abou t  for 
v e r y  many y e a r s ,  w e  would have v e r y  c lear  a b o u t  i t .  

ashes,  vapor s  of a l l  so r t s  
a c t i v e  vo lcanos ,  q u i t e  
so great  t h a t  t h e y  would 
t h e  moon. 

t h e  face of t h e  moon t h a t  
ei ther,  c o n t a i n s  a n y ,  

vo lcanos .  

QUESTION: Then you t h i n  t h a t  Russ i an  o b s e r v a t i o n  
w a s  a n  error? k 

DR. GOLD: I wou ldn ' t  s a  t h a t .  But I would s a y  
t h a t  i t  is q u i t e  poss ib le ,  and  rea  l y  t o  be expec ted  t h a t  
from time to  time some g a s  w i l l  b l  w o u t  of t h e  i n t e r i o r  o f  
t h e  moon. That  is a t h i n g  n o t  nec s s a r i l y  related t o  
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volcanism.  If  you p u t  a b i g  ob34 
good vacuum and wa tch  i t  for a 1( 
a b s o l u t e l y  s t i l l ,  t h e  s l i g h t e s t  1 
t h e  s l i g h t e s t  b i t  of d i s t o r t i o n ,  
of which t h e r e  must  be p l e n t y  1 0 4  
q u a n t i t i e s  of gas coming o u t  i n t c  
immedia te ly  may produce v i s i b l e  1 
t o  have obse rved ,  

But i t  is q u i t e  cer ta i i  
b u r s t  i n  which big f l o o d s  of lavr 
t h a t  k i n d .  I t  is n o t  l i k e  a teri 

DR. JASTROW: I want t c  
which t h e  outgases were obse rved  
qn this h a l f  b u t  on t h e  h a l f  I 1 4  

We don't have  t h e  h a l f  
ca2Jed Alphonsus.  

13 

z t  like the moon i n t o  a 
ng time, u n l e s s  i t  keeps 
Lt of c r a c k i n g  t h a t  o c c u r s ,  
N i l 1  release i n t e r n a l  gases, 
ced up on t h e  moon, and t h e  

s s u l t s  s u c h  as they claim 
t h i s  ve ry  good vacuum 

t h a t  t h i s  was not an o u t -  
came o u t  or  anyth$ng of 

  st rial volcano .  

show you t h e  crater in 
I t  is u n f o r t u n a t e l y .  not 

et i n  M r .  Bosen'8 o f f ice .  

with t h a t  crater. I t  i s  
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DR, JASTROW: We discweed 

QUESTION: I n c i d e n t a l  y ,  Koserov says i i  is still. 
gc ing  on .  The Russ ian  said t he  outgassing, or whcitever you 
cal l  it, is still going on, t h a  he d e t e c t e d  some siizcr t hen .  t 

t h i s  ques t io i i  a t  some 

and may i ndeed  still  be going ori. 

DR. U R E Y :  I might 
b i t  nbou1. xnat it would be l i k e ,  
would i n v a l v e  water, if relatiate 
t h i n g  at a l l .  

You have almost a p e r  ect  vawum. And so t h i s  
water would r u s h  out,  e v a p o r a t e  and go down t o  a l o w  
te8ripeiiature and t h e  water would freeze and f i n a l l y  freeze 
up t h e  hole t h r o u g h  which i t  wa coming and it  woliid st&1.1 
e v a p o r a t e  arid you would e x p e c t  h a t  i t  would partrtkc: ayme- 
w h a t  of the ac t ion  o t  a geyser, 

remark,  i f  we t h i n k  a l i t t l e  
t h e  outgass ing  probli:m 

t o  t h e  E a r t h  mean any- 

I t  you t h i n k  af the g ysers of  Yellowstone, t h e y  
have bcpn going on ,  t o  my p e r s o  a1 knowledge, for f i f t y  
years wi thou t  making much chang i n  t h e  appearance  of t h e  
.=:evser a t  all. And SQ t h i s  ssor o f  tbiog happening on t h e  
moon vioulci be one t h a t  would l e  ve no marks t h a t  one would 

nobody would  a rgue  abou t  i t  a t  11. We would a l l  be s u r e  
see at all. But if 

i t  was there .  

happened on t h e  noon, 

A c t u a l l y ,  if you look 
scarred and a p p a r e n t l y  c o n s i s t i n g  
walls and s u r r o u n d i n g  f l a t  p l a i n s ,  
s u c h  a c r a t e r  a s  t h i s  is something 
miles &cross  -- I am not  sure of' 

DR, JASTROW: Before e go on t o  sc i ence ,  let  
I ! ~ Z  make a yemark a b a u t  t h e  moon and t h e  a r t i s t ' s  emcapt ion  
of i t  which I t h i n k  is impor t a  I t .  

at  , t h i s  and find i t  v e r y  
of t h e s e  h i g h  mountain 
I must remind you t h n t  
'Like twenty  or  t h x r t y  

t h e  sca le ,  T h i s  C+:LL 

~ h c y  a r t  cn3y abaut t e n  or  twenty  
The floor of t h e  c ra te r .  So i f  
ritdd1e of t h e  floor of t h i s  c ra te r  
the h C ~ i ~ ~ Z t > 1 ~  *,ve would see a ra thew 
?t would seem t h a t  way. 

thousand f ee t  high above 

and l o o k i n g  av~tincf a t  
we were s t a n d i n g  i n  t h e  

g e n t l e  r o l l  of hills. 
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DR. UREY: There is a 
peak. 

15 

v e r y ,  v e r y  g r a d u a l  mountain 

I t  must be remembered there  is no atmosphere t o  g i v e  
you d i s t ance  perception. There is a l so  a rather gentle h i l l .  
I f  you are s t a n d i n g  on t h e  l i p  f t h a t  crater you would see 
no precipice. The l i p ,  I be l ie  e ,  rises o n l y  a few t h o u s a n d  
f e e t  above t h e  s u r r o u n d i n g  s u r f  

DR. GOLD: Yes, w i t h  
ra te  smaller t h a n  a few i n c h e s ,  
o b s e r v a t i o n  t h a t  t h e  s u r f a c e  is 
s h a l l  w e  s a y ,  If we had thought; 

tihe u n i t s  of i t  b e i n g  a t  any 
I t  is  s u r e  from t h e  r a d a r  

o f  t h i s  b e i n g  pock marks 
n o t  a l l  cove red  w i t h  b o u l d e r s ,  

DR. JASTHOW: With a e w  e x c e p t i o n s  i n  the  high-  
l a n d s  t h e  moon is n o t  t h e  conce  t i o n  of a f l a t  p l a i n  w i t h  s t e e p  
c r a g g y  peaks  tower ing  out of  i t  I t  is a broad r o l l i n g  r e g i o n .  
We d o n ' t  know the  s t r u c t u r e .  W know i f  i t  cons is t s  
of  broken l a v a  b i t s  or o t h e r  t h  

and have a look a t  t h e  crater  
meteorit ic there,  and it  is aboLt 
composed of v e r y  tough rock wi t1  
o u t  t o  make t h e  b i g  bowl, a l l  

DR. GOLD: We know so e t h i n g  about  t h e  f i n e  s t r u c t u r e ,  
namely t h a t  radar o b s e r v a t i o n s  ave shown t h a t  i t  is remarkably 
smooth down t o  d imens ions  of t order of a few i n c h e s ,  I t  is 
n o t  v e r y  much rougher  on the  s l e  of a few i n c h e s  t h a n  t h e  
roughness  w e  see on t h i s  k i n d  scale where w e  can  see about 
a m i l e .  That  is t o  s a y ,  when see a g r a d i e n t  e x t e n d i n g  o v e r  
a d i s t a n c e  of a m i l e  h e r e ,  whe you go i n  d e t a i l  and look  a t  
i t ,  you w i l l  f i n d  i t  o v e r  t h a t  i s t a n c e  of a m i l e  t o  be p r e t t y  
smooth,  n o t  t o  be broken up i n  l i t t l e  ups  and downs, 

w1,ich I am almost ce r t a in  is 
t w o  m i l e s  across, I t  is 

t h e  p i e c e s  t h a t  were thrown 
p i e c e s  of t h i s  sor t  of size 

QUESTION: I t  would bd a pebbly  or sandy s u r f a c e ?  

QUESTION: Is t h a t  Chdbb Crater? 

DIi, GOLD: Yes, If  a 1 t h i s  amount of bombardment 
had j u s t  o c c u r r e d  i n  hard r o c k  i k e  t h a t ,  and were n o t  sub-  
s e q u e n t l y  eroded, t h e n  w e  would e x p e c t  a l l  t h i s  t o  be as 
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rough as Chubb Crater is and t h  radar observat ions would be 
completely d i f f e r e n t .  So there is no q u e s t i o n  t h a t  t h i s  is 
not the  s i t u a t i o n .  E 

I t h i n k  for  t h i s  reas 
e r o s i o n  process must be e n v i s a g  t h a t  
works i n  t h e  way of making t h i n  
p e r s o n a l l y  t h i n k  t h a t  i t  goes s 
f l a t  r e g i o n s  t h e  f i l l i n g  i n  i n  
i c l e s  tha t  are r e s p o n s i b l e  for  
I t h i n k  of as b e i n g  sed imented  

QUESTION: Without w i  d and w i t h o u t  water ,  where 
does your e r o s i o n  come from? 

DR. GOLD: How does tde s t u f f  get t r a n s p o r t e d ?  

DR. JASTROW: he mechanism of t r a n s p o r t  of 
t h e  f i n e  material ,  and is how i t  is powdered, 

DR, GOLD: One sm of t h e  c o n s t r u c t i o n ,  
such  impacts made a l l  holes. They are a l l  round,  
so i t  is p r e t t y  clear large Impacts .  A large 
p r o p o r t i o n ,  t o  say t h e  t h e  material w i l l  have i n  
any case have been e powder t h e n .  So I t  may 
be t h a t  t h e  akes the f i n e  powder i s n ' t  
ve ry  hard ,  ee might i n  fact  be made 
of v e r y  f i n e  t o g e t h e r  i n  some 
p l a c e s ,  b u t  n o t  much, 

The t r a n s p o r t a t i o n  is the  real teaser. I t  has  
seemed t o  m e  t h a t  by far  t h e  l a  gest  force t o  be expec ted  t o  
be a c t i v e  i n  moving any par t ic l  on the  s u r f a c e  on t h e  
E a r t h ,  would be wind and water. On the moon, i n  a vacuum, 
i t  is l i k e l y  t o  be e lec t ros ta t i  forces. I c a n  eas i ly  move 
t h e  d u s t  p a r t i c l e s ,  as on t h e  t ble here,  e l e c t r o s t a t i c a l l y ,  
by e lec t ros ta t ic  forces. We ha e a p e r f e c t l y  good agency 
i n  t h e  way of the  s u n ,  i n  t he  p e s e n c e  of a vacuumy w e  have 
a p e r f e c t l y  good agency for cha g i n g  i n  an  e ra t ic  s m a l l  
scale p a t t e r n  t h e  d u s t  particle tha t  l i e  on t h e  s u r f a c e .  
And I t h i n k  t h a t  t h a t  p r o v i d e s  way of moving t h e  material 
by c h a r g i n g  i t  i n  s u c h  a way, e a t ica l ly ,  t h a t  e v e r y  now and 
t h e n  some particles jump. 

QUESTION: Repel  each I o t h e r ?  

DR. GOLD: Repel each other and move. So t h a t  
e v e r y  par t ic le  on the surface s f fe rs  a l i t t l e  jump e v e r y  
now and t h e n .  r 
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i f  one makes estimates t h e y  are 
if one makes an  expe r imen t ,  as 

per fec t ly  r e a s o n a b l e .  Indeed ,  
was done by a g r a d u a t e  s t u d e n t  

So t h i s  k i n d  of  hypot e s i s  t ha t  t h e  f l a t  r e g i o n s  
are a l l  made i n  that  way,  and a e a denuda t ion  of the  high 
ground,  is the  a l t e r n a t i v e  t o  t e p o i n t  of  view t h a t  other 
people  have l a r g e l y  held,  tha t  11 the  f l a t  r e g i o n s  are due 
t o  i n t e r n a l l y - s u p p l i e d  l a v a .  i 
same n a t u r e  as do  come from t h e  
moon, one c a n  reproduce t h i s  
g r a i n s .  

DR. JASTROW: A t  t h e  e g i n n i n g  some one asked t h e  
q u e s t i o n ,  why do we t h i n k  t h i s  s impor t an t  t o  f i n d  o u t  about  
t h e  moon. We said it is conce r  one of t h e  m o s t  
fundamental  of a l l  problems i n  i n v e s t i g a t i o n ,  t he  
o r i g i n  of our solar s y s t e m ,  and has many r a m i f i c a t i o n s .  

sun and undoubtedly h i t  t h e  
me.\hod of erat ic  jumping of 

Then t h e  gent leman a1 o asked, how do we propose 
t o  f i n d  o u t  what is there .  I w nder  whether i t  might  n o t  
be i n t e r e s t i n g  t o  mention a few o f  t h e  t h i n g s  t h a t  we have 
i n  mind. N o t  when w e  p l a n  t o  d them, but  what w e  p l a n  
t o  do, i 

I n  t h i s  c o n n e c t i o n ,  t ere are r e a l l y  two mot iva t ions .  
One is t h a t  one wishes t o  e x p l o  e the surface of t h e  moon i n  
great d e t a i l  t o  f i n d  o u t  i f  i t  e a l l y  is cove red  w i t h  d u s t  
as  Dr, G o l d  sugges t s ,  and it s u  e l y  is, and it  is o n l y  a 
q u e s t i o n  of how deep  t h e  l aye r  f d u s t  is, and how b i g  t h e  
rocks are ,  and what the  f i n e - s c  l e  s t r u c t u r e  of t h e  s u r f a c e  
is so t h a t  we can  p i c k  good l a n  i n g  s i t e s  e v e n t u a l l y  for 
d e p o s i t i n g  packages of remote-c n t r o l l e d  i n s t r u m e n t s ,  That 
one would hope t o  do from a t e l  v i s i o n  camera or  photographic 
i n s t r u m e n t  i n  a s a t e l l i t e ,  a l u  ar s a t e l l i t e .  I t  w i l l  t a k e  
a whi le  t o  do t h a t  and do i t  w e  

Another p o i n t  t h a t  we want v e r y  much t o  examine, 
and t h i s  is an  exper iment  whic is b e i n g  developed  b y  Dr. 
Arnold -- who is not  here, unf t u n a t e l y  -- is the  de tec t ion  
of t h e  r a d i o a c t i v i t y  i n  t he  s u r f a c e  of t h e  moonc The r e a s o n s  
why t h a t  is impor t an t  are t w o f  Id. One i n  par t icu lar ,  We 
want  t o  know whether t h e  moon i as e v e r  melted a t  any t i m e ,  
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and what its the rma l  h i s t o r y  was, 
t h e  o r i g i n  of t h e  solar s y s t e m .  
times i n  its h i s t o r y .  That 
c o n t r i b u t e d  t o  by t h e  decays of 
uranium, and so f o r t h ,  i n  t h e  
moon. If w e  can  measure t he  
c r u s t ,  w e  w i l l  have some i d e a  of 
moon and have some idea of its 

because t h a t  is r e l a t e d  t o  
How hot w a s  i t  a t  ear l ie r  

h e a t i n g  is t o  a l a r g e  degree  
t he  r a d i o a c t i v e  e l emen t s ,  

am'ount of r a d i o a c t i v i t y  on t h e  
s a r f a c e  of t h e  i n t e r i o r  of t h e  , 

t h e  concentration on t h e  
thermal h i s t o r y .  

I n  a d d i t i o n ,  d i f f e r e n  k i n d s  of r o c k s  and m a t t e r  
t h a t  have been proposed f o r  t h e  s u r f a c e  of t h e  moon have 
d i f f e r e n t  amounts of r a d i o a c t i v  t y  i n  them. So i f  we 
measure t h e  gamma r a y s  which co e o f f  r a d i o a c t i v e  decays ,  
w e  g e t  some in fo rma t ion  about  t e s u r f a c e  compos i t ion .  

QUESTION: Krassovsky 
press confe rence .  

Then f i n a l l y ,  cosmic a y  n u t r o n s  are c a p t u r e d  by 
t h e  s u r f a c e ,  as D r .  Arnold and is c o l l a b o r a t o r s  have d i s -  
cove red ,p roduce  a r t i f i c i a l  radi a c t i v i t y ,  and t h e  gamma 
r a y s  i n  t h e  r e s u l t a n t  decays ,  w i c h  a g a i n  a r e  c h a r a c t e r i s t i c  
of t h e  e l emen t s  on t h e  s u r f a c e .  

made t h i s  s t a t e m e n t  a t  t h e  

So i f  w e  can  put  a pa t i c l e ,  a gamma r a y  l u n a r  
d e t e c t o r  on t h e  s a t e l l i t e ,  we c n d e t e c t  something about  
t h e  s u r f a c e  compos i t ion  of t h e  oon which w e  want t o  know 
ve ry  much be fo re  we l a n d  t h e r e .  I 

QUESTION: Were you a l e  t o  g e t  a n y  i n f o r m a t i o n  
on t h a t  from t h e  S o v i e t  moon s h  t t ,  on t h e  r a d i o a c t i v i t y ?  

DR. JASTROW: No, I d n ' t  t h i n k  they  had an 
a c t i v i t y  d e t e c t o r .  

QUESTION: We asked  t em t h a t  a t  t h e  p r e s s  con- 
f e r e n c e ,  and they  s a i d  t h e y  d i d  have. They s a i d  l / l O O , O O O  
o r  1 /10 ,000  of a n a t u r a l  r a d i a t  on background. The 
s c i e n t i s t ,  t h e i r  cosmic r a y  s c i  n t i s t ,  s t a t e d  t h a t  t hey  
d e t e c t e d  no th ing  w i t h  t h i s  i n s t  f ument, 

QUESTION: Were t h e y  b a l k i n g  about  -- 

DR. UREY: Tha t  is a u r i o u s  t h i n g .  I w a s  t o l d  
t h a t  by t h e  r e p o r t e r  of Bus ines  Week, and I have neve r  
been able t o  g e t  a c o n f i r m a t i o n  of  i t  s i n c e .  

. .  

DR. UREY: I t h i n k  i t  would be a good i d e a  t o  w r i t e  
t o  them and see what t h e y  t e l l  s t h e y  found.  

. - I  
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I will do t h a t  t o x u r r c  

QUESTION: B d o n * t  knc 
r a d i o a c t i v i t y  or t h e  r a d i a t i o n  k 

DR, JASTRQW: We thoug 
and meant t h e  r a d i a t i o n  b e l t ,  I 
on t h i s  p o i n t ,  

QUESTION: \\'e p r e s s e d  

QUESTION: I t h i n k  I r v  
t r a n s c r i p t  made of t h a t  p r e s s  co  
him a t  t h e  American Rocket Soc ie  

DR, UREY: Give m e  t h e  

L e t  m e  e x p l a i n  j u s t  a 
a c t i v i t y  i n  more d e t a i l  so  t h a t  
Cons tan t  m e  1 t i n g  th roughou t  t h e  
th roughou t  i ts  h i s t o r y ,  T h i s  ma 
of t h e  E a r t h  a s  b a s a l t ,  g r a n i t e ,  
and t h o r i u m  are i n c r e a s e d  i n  t h e  
about  one hundred or more o v e r  t 
ave rage  m e t e o r i t e s ,  t h e  m o s t  num 
t h e  c h r o n d r i t e s ,  Potass ium is i 
materials by twenty  t o  f o r t y  t i m  

I f  w e  t u r n  t o  a n o t h e r  
a c h o n d r i t e s ,  t h e  uranium and t h c  
f a c t o r  of abou t  t e n  o v e r  t h a t  of 
po tass ium is decreased, 

Suppose t h a t  t h e  s u r f  a 
d i f f e r e n t i a t e d  by t h e  E a r t h ,  Th 
amounts of r a d i o a c t i v e  materials 
Suppose i t  has  n o t  been d i f f e r e n  
be p robab ly  s imilar  t o  some of t 
v e r y  l o w  c o n c e n t r a t i o n ,  And i t  
some m e l t i n g  p r o c e s s e s  s i m i l a r  t 
o c c u r r e d  i n  t h e  case of  t h e  acha 
t h e  moon, So by j u s t  s p o t t i n g  t 
a v e r y  q u i c k  a n a l y s i s  t h a t  i n d i c  
e n t i a t i o n  has  t a k e n  p l a c e ,  and i 
the  h i s t o r y  of t he  moon, 
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# B c b .  

w i f  t h e y  were t a l k i n g  about 
e l t  ~ 

h t  t h e y  had been misquoted 
gather  you were s p e c i f i c  

them c l o s e l y ,  

i n e  Hersey w a s  having  a 
n fe rence ,  You might w r i t e  
tY 

name and I w i l l ,  

L i t t l e  b i t  about  t h i s  radio- 
you w i l l  g e t  t he  p i c t u r e .  
Earth has been o c c u r r i n g  
t e r i a l  f l o w s  t o  t h e  s u r f a c e  
and so  f o r t h ,  Uranium 

3e mater ia l s  b y  a factor  of 
h a t  t h a t  is found i n  the 
3rous group of which are 
ncreased i n  these s u r f a c e  
2s 0 

group of meteorites,  t h e  
rium are i n c r e a s e d  by a 
t h e  c h o n d r i t e s ,  b u t  t h e  

:e of the  moon has been 
2x1 w e  e x p e c t  t o  f i n d  s imi la r  
on t h e  moon's s u r f a c e ,  

t i a t ed  a t  a l l ,  I t  would 
ne c h o n d r i t e s ,  That is 
night  be i n t e r m e d i a t e  i f  
3 those t h a t  seemed t o  have 
i d r i t e s  were e f f e c t i v e  on 
lis r a d i o a c t i v i t y  w e  have 
i tes  what k i n d  of d i f f e r -  
t a ids  u s  i n  u n d e r s t a n d i n g  



c 7  I 20 

a v e s s e l ,  a v e h i c l e  a hundred 
t h e  moon, s a y 9  OF something of 

QUESTION: D r ,  Urey, h w much of t h i s  o b s e r v a t i o n  
can be i n d i r e c t  OF by i n f e r e n c e ,  and how much a c t u a l l y  is 
reduced  t o  a m a t t e s  of going  up here  and p i c k i n g  up a p i e c e  
and b r i n g i n g  i t  back t o  ana lyze  

rni:.es above the  s u r f a c e  of 
t h a t  s o r t ,  i t  shou ld  be 

made t h a t  measurement,  We won ' t  
p o s s i b l e  t h a t  t h e y  have ,  

Now t h e n ,  u n d e r s t a n d  t is of c o u r s e  would o n l y  t e l l  
u s  what is i n  t h e  ve ry  o u t s i d e  s rface of t he  moonl If 
t h e r e  is d e b r i s  and broken up m a  eriall s c a t t e r e d  a l l  ove r  
t h e  s u r f a c e  of t h e  moon, maybe w are o n l y  Booking a t  t h e  
d e b r i s  and t h e r e f o r e  we s h o u l d  b s c e p t i c a l  of  t h e  r e s u l t .  

s a y  t h e y  have,  bu t  i t  is 

Mow t h e n ,  i f  you w i s h  o go f a r t h e r  t h a n  t h a t ,  
w e  must l a n d  i n s t r u m e n t s  on t h e  oon t h a t  p i c k  up samples  
of t h e  moon a t  t h e  s u r f a c e  and d wn below t h e  s u r f a c e  and 
a t  v a r i o u s  p l a c e s  on t h e  moon an make a n a l y s e s  of t h i s  
k i n d  i 

QUESTION: A c t u a l l y ,  w$ w i l l  have t o  do s o m e  mining 
t h e r e  then'? 

DR, UREY: P robab ly  no deep  mining ,  bu t  one would 
want t o  d i g  away a mattes of f e e  t e n  f e e t  o r  someth ing  of 
the s o r t ,  t o  g e t  down t o  s e e  wha i t h e s e  is below 

DR, JASTROW:: H a r r i s o n  Brown has  a n  exper iment  
he is i n t e r e s t e d  i n  and has  been c o n s u l t i n g  on i n  t h e  deve lop-  
ment of which i n v o l v e s  t h e  exami a t i o n  of s u r f a c e  samples, 
Would you s a y  someth ing  about t h  i t? 

DR, BROWN; H j u s t  t h i  k i t  s h o u l d  be emphasized 
t h a t  i n  p r i n c i p l e  i t  is p o s s i b l e  t o  send  i n s t r u m e n t s  t o  the  
moon which w i l l  carry o u t  chemic 1 analyses for you by re- 
mote c o n t r o l ,  and  where  t h e  r e s u  t a n t  a n a l y s i s  can  be t e l e -  
metered  back t o  E a r t h .  

There  are many k i n d s  o approaches  t o  t h i s ,  The 
r a d i o a c t i v i t y  exper iment  is o n e ,  Another approach  which w e  
are u s i n g  q u i t e  s u c c e s s f k l l y  on e t e o r i t e s  a t  t h e  p r e s e n t  
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gears .  S i n c e  t h a t  t i m e  t h i s  o b j e c t  
above o r d i n a r y  t e m p e r a t u r e s ,  
E a r t h ,  f o r  a l l  t h a t  l e n g t h  of 

We would l i k e  t o  know 
moon. Was indeed  t h e  moon made 
meteorites were made? 
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has n o t  been warmed 
c e r t a i n l y  t h a t  e x i s t  on the 

time; 

the  same t h i n g  abou t  the  
a t  t h e  same t i m e  t h a t  t h e  

t i m e  is known as  X-ray f l o r e s c e n  e ,  where you put  a s lab  of 
meteorite under  a p a r t i c u l a r  k i n  of X-ray machine and you 
measure t h e  r a d i a t i o n s  t h a t  are i v e n  o f f ,  You can  a c t u a l l y  
de t e rmine  t h e  r e l a t i v e  numbers 0 atoms of  c e r t a i n  c r i t i c a l  
e l e m e n t s .  Were w e  a b l e  t o  put  o e of t h e s e ,  t o  m i n i a t u r i z e  
i t ,  g e t  i t  t o  t h e  mo0n and p u t  i on t h e  E a r t h ' s  s u r f a c e ,  
w e  would be a b l e  t o  g e t  an  a n a l y  is w i t h  r e s p e c t  t o  these 
e l e m e n t s  and i n  t h a t  way determi e something about  t h e  
chemica l  na ture  of t h e  rock  whic 

In l i k e  manner,  i t  is o s s i b l e  i n  p r i n c i p l e  t o  
c a r r y  o u t  a n o t h e r  k i n d  of a n a l y s  s which w e  c a l l  n e u t r o n  
a c t i v a t i o n  a n a l y s i s ,  which w e  ha e used  r a t h e r  s u c c e s s f u l l y  
f o r  trace e l e m e n t s  i n  meteorites T h i s  would mean d ropp ing  
a s u i t a b l e  n e u t r o n  s o u r c e  on t h e  moon w i t h  s u i t a b l e  d e t e c t o r s  
measur ing  t h e  r a d i a t i o n s  which a i e e m i t t e d ,  

A t  t h e  p r e s e n t  time t h  r e  are s e v e r a l  of US who 
are i n t e r e s t e d  i n  these problems and are working on t h e m ,  

DR, UREY: May I j u s t  e n t i o n ,  c o n t i n u i n g  what D r .  
Brown w a s  s a y i n g ,  t h a t  v e r y  i n t e  e s t i n g  s t u d i e s  have t a k e n  
P l a c e  d u r i n g  t h e  l as t  t e n  years  ue t o  the  e f f o r t s  0f a number 
of v e r y  b r i l l i a n t  young men i n  t is c o u n t r y  -- i n  Washington, 
Chicago ,  C a l i f o r n i a  -- and a lso n the  USSR -- d i r e c t e d  toward 
u n d e r s t a n d i n g  t h e  a g e s  of these b j e c t s  by r a d i o a c t i v e  d a t i n g ,  

T h i s  d a t e  of the  weteo i t e s  is what w e  know. An 
i n f e r e n c e  that t h e  E a r t h  was mad a t  the same t i m e  is o n l y  
an i n f e r e n c e ,  We have no measur ments  t h a t  c e r t a i n l y  prove 
t h i s ,  And t h e  same is t r u e  of t e moon, Was the moon made 
a t  t h i s  tSme? A r e  w e  i ndeed  d a t ' n g  t h e  actual p r o c e s s  of t he  
formation of t h e  solar  s y s t e m  i n  i t h e s e  studies? 

Another i n t e r e s t i n g  s u  j e c t  tha t  has been i n v e s t i g a t e d  
is t h e  existence of c e r t a i n  g a s s  ous materials  t h a t  are pro-  
duced by cosmic r a y s  i n  t h e  m e t e  r i t e s ,  T h i s  has been 
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i n v e s t i g a t e d  i n  i r o n  m e t e o r i t e s  an  
o l d e s t  a g e s  s o  f a r  found by t h i s  p 
of  y e a r s  as  a maximum, though most 
borhood of  m i l l i o n s  o f  y e a r s .  

T h i s  lower age we t h i n k  

And t h e  d a t e  a t  which t h e y  
broken o u t  o f  a matrix t h a t  p r o t e c  
r a y s .  
t h i n k  we a r e  measuring.  

Cur ious ly  enough t h e  s t o  
younger t h a n  t h i s  on t h e  cosmic r a  
m i l l i o n s  o f  years. We a r e  most pu 
occur .  There have been s e v e r a l  su 
I made one myse l f  l as t  A p r i l .  Var 
made t o  account  f o r  t h i s .  

So f a r  a s  t h e  moon i s  co 
sample from somewhere around t h e  F 
f a r  below t h e  s u r f a c e  -- we must s 
s u r f a c e  -- and i f  we can have a s a  
can e x t r a c t  t h e s e  gasses from it ,  
w e  w i l l  be a b l e  t o  s a y  whether  coe 
time d u r i n g  t h e  h i s t o r y  o f  t h e  s o l  
we w i l l  have a t o t a l  e f f e c t  f o r  t h  
o f  t h e  moon i n  r e g a r d  t o  t h i s  prok 

We a r e  much i n t e r e s t e d  i 
cosmic r a y s ,  where t h e y  come from, 
have t h e y  been c o n s t a n t  i n  time an 
If you wish t o  go back i n  t ime on 
a sample of  t h e  moon g i v e s  u s  an c 
i t .  

DR. JASTROW: The i n t e r e  
moon i s  more impor t an t  t h a n  Mars i 
o n l y  o b j e c t  t h a t  we have a c c e s s i b l  
d e s t r o y e d  by e r o s i o n ,  s u r f a c e  des t  
Venus and E a r t h  a l l  have an a t m o q  
a t  one t ime .  But t h e  moon i s  t h e  
i t s  h i s t o r y  w r i t t e n  on i t .  And t k  
t h e  o r i g i n  of  t h e  S o l a r  system it 
t o  go f o r .  I t h i n k  t h a t  i s  t h e  b; 
a r e  s o  i n t e r e s t e d  i n  t h e  moon. 
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I s t o n e  m e t e o r i t e s .  The 
' oces s  r u n  t o  t h e  b i l l i o n s  
of them a r e  i n  t h e  neigh-  

.s due t o  t h e  o b j e c t s  be ing  
,ed them a g a i n s t  t h e  cosmic 
iere broken o u t  i s  what we 

Le m e t e o r i t e s  are much 
s c a l e ,  some t e n s  of  

; z l e d  as t o  why t h i s  should  
; g e s t i o n s  made about  t h i s .  
.ous s u g g e s t i o n s  have been 

icerned,  i f  we can g e t  a 
) l e s  of  t h e  moon, n o t  t o o  
; a y  p r e t t y  c l o s e  t o  t h e  
ip l e  o f  t h a t  m a t e r i a l ,  
Lnd measure t h e  q u a n t i t i e s ,  
t i c  r a y s  are c o n s t a n t  i n  
ir system o r  n o t .  A t  l e a s t  
: l i f e  o f  t h e  moon, t h e  age 
. e m .  

1 t h e s e  exceed ing ly  powerful  
how t h e y  are produced, 

1 so f o r t h  and so  f o r t h .  
m y  of  t h e s e  problems,  t h e n  
i p o r t u n i t y  t o  i n v e s t i g a t e  

s t i n g  t h i n g  i s  t h a t  t h e  
id Venus. The moon i s  t h e  
2 t o  us  which h a s  no t  been 
?eyed by e r o s i o n .  Mars, 
i e r e ,  and p o s s i b l y  oceans  
i n l y  one t h a t  h a s  a l l  of  
w e f o r e  i f  w e  want t o  know 
is t h e  moon t h a t  you have 
s i c  r e a s o n  why we as  s c i e n t i s t s  
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DR. GOLD: I t h i n k  %PQ t h e  point of view of t h e  
s t u d i e s  t h a t  I was r e f e r r i n g  to, one has enough examples 
On t h e  f r o n t  s u r f a c e  and one is ery desirous shf course Of 
a v e ~ y  hggh d e f i n i t i o n  fop t h a t  aprposs so t h a t  o n e  would 
c o n c e n t r a t e  on l o o k i n g  a t  t h e  be t pictures o n  t h e  f r o n t  
a v a i l a b l e  a t  t h e  p r e s e n t  t f m ,  

L t  is n a t u r a l l y  of gxoe .t Panteresr; whether these 
is any c o n s i s t e n t  dfffe~snce bet een t h e  g e n e r a l  t y p e  of 
s u r f a c e  that t h e  f r s n t b S  a s  corn a r s d  with t h e  back, and  if 
any photographs of t h i s  sort shas ed any c o n s i s t e n t  d i f f e r e n c e  
between f r o n t  and back t h e n  of c UPS@ 8ne would have t o  
t h i n k  a g a i n ,  81- indeed  if i t  s h o  e d  any f e a t u r e s  which a r e  
d i f f e r e n t  i n  t y p e  from any f e a t u  es that occur on t h e  f r o n t ,  

The definition of t h e s  p i c t u r e s  is not enough t Q  

make a n y  case f o r  a s u b s t a n t i a l  e n e r a l  difference be tween  
f r o n t  a n d  back O n  t h e  whole i t  looks r e a l l y  r a t h e r  a Pot 
a l i k e ,  i 

That  is 0% course C Q ~  9 s a y  t h a t  t h e  pictures are 
n o t  v e ~ y  v a l u a b l e .  B u t  ~ C W  the tudy of what shaped t h e  
s u r f a c e  i n t o  the, way e% BQW is, ne as ch$efZy d e s i r o u s  of 
v e r y  h i g h  d e f i n i t i o n  p$c$nres ,  regard these pictures as 
a first step in t h a t  d k ~ ~ ~ t ~ o n ,  u i t e  a p a r t  from bedang the 
f i rs t  p i c t u r e s  of t h e  back 

No dObb% s x m & P a r  wi19 ]as used one day 
to g e t  much h i g h e r  a l s o  than w e  c a n  
ever get from t h e  Such very h i g h  
d e f i n i t i o n  Song way toward 

f ea tu res  ks correc t ,  
of t h e  lunar  

QUE8T.IQM: Some comment tors on that p i c t u r e  t h a t  
t h e  Russaans  took seemed t o  thin t h a t  t h e  back side of the 
moon was perhaps 8 little! smoothe t h a n  t h e  front side of 
t h e  moQn,.where we had been  head to u n d e r s t a n d ,  ~8~118 of us 
had a t  any r a t e g  that if a n y t h i n g  the front s i d e  QE t h e  moon 
ought  t o  be smsothsr t h a n  t h e  bac because of t h e  p r o t e c t i o n  
a f f o r d e d  t~ i t  by %he e a r t h -  t 
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We ~ ~ u B d t ~ * t  e x p e c t  any difference. On the 
other hand we have $0 say t h a t  o f r o n t  w e  have an 
e r a t i c  d i s t r i b u t i o n  of t h e  mare C Q V ~ P  a l a r g e  part 
of t h e  f r o n t  surface i n  a very  h 

If Q ~ E !  j u s t  c o n s i d e r s  he  statistics of the six 
major mare a r e a s ,  then of c o u r s e  it is very probable t h a t  
t h e  back will be s u b s t a n t i a l l y  d fferent, S i x  is not v e r y  
good s t a t i s t i c s ,  So you wouldn' expect t h a t  i t  would j u s t  
have a similar amount of a rea  of maye and h i g h l a n d s ,  I n  
f a c t  t h e  suggestion is t h a t  %her is m o m  h igh land  a rea  and 
less mare a rea  on the back ,  

QUESTHQM: The man a t  &Is P l a n e t a r i u m  a %  
P h i l a d e l p h i a  s u g g e s t e d  t h a t .  

QUESTION: Levdltt  sugg4s ted  that, 

DRo UREP: 31 read Levi &Os bosk on t h a t  and Z 
agree w i t h  it in a c e r t a i n  way a d d i sagree  in a n o t h e r  way. 
I a m  s o r r y  we do n o t  have t h e  ot er h a l f  of the moon h e r e ,  
Mare Imbrium was a n  enormous CQE i s i o n  t h a t  o c c u r r e d  o n  
t h a t  p a r t  of the ~F~QQII ,  Then i f  ou study t h e  mare on the! 
e a s t  p a r t  Qf t h e  moo83 1 t h i n k  yo must eoncluck t h a t  a grea t  
d e a l  of t h e  smooth a rea  is intian t e l y  re la ted  t o  this 
collision i n  Mare Hmbrfum, 

t h e  moon, 
t h a t  t h e  
t e r r i b l y  d i f f e r e n t  

And s u r e l y  if we P ~ ~ Q V  d Maire Imbriurn a n d  the 
other  big mare t h a t  you see t h e r  hiare S e r e n i t a t i s ,  I am 
q u i t e  sure t h a t  o n e  would find t a t  the t w o  sides a r e  ve ry  
s imi l a r  

You s e e ,  if j u s t  two c a n c e  co~lisions w i t h  t h e  
s u r f a c e  of t h e  moon makc t h i s  d i  ference, one would s a y  t h i s :  
I would expcct the same es l l l i s io  s ~ t a  t h e  back as on t h i s  
s i d e  to a first approx ima t ion ,  b t i am n o t  t e r r i b l y  sur- 
p r i s e d  if t h c y  a r e  n o t  tha same, En t h i s  case i t  is e n t i r e l y  
~ ~ \ c l c r s  t i l  i l t l i i i )J  ~i tllil L t Ile ~ W Q  hemi p h e r e s  should be q u i t e  
di Efcrent  in appearance ,  
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DR. GOLD: And I have 
and I t h i n k  w e  a r e  e s s e n t i a l l y  
somewhat d i f f e r e n t  views about  

L e v i t t  s a i d  t h i s .  B t he s a i d  it was v e r y  
a s t r o n o m i c a l l y  improbable  t h a t  t h e s e  c o l l i s i o n s  were on 
t h e  back s i d e .  That i s  t h e  on y p o i n t  I would d i s a g r e e  
wi th .  I would s a y  t h a t  i t  w a s  p robab le  t h a t  t h e y  cou ld  
be on t h e  back s i d e ,  bu t  n o t  s r p r i s i n g  i f  t h e y  are 
e r a t i c a l l y  d i s t r i b u t e d .  I 

argued  about  t h i s  f o r  y e a r s  
i n  agreement w i t h  r e s p e c t  t o  
it. 

QUESTION: He a l s o  s i d  t h a t  t h e s e  maria were 
produced by I t h i n k  a v e r y  l a v a  which was p icked  
up by t h e  impact o f  t h e s e  Do you s u b s c r i b e  
t o  t h a t  t h e o r y ,  Dr. Urey? 

DR. UREY: T h i s  i s  a i d e a  t h a t  h a s  been c u r r e n t  
f o r  a l o n g  t i m e .  I shall t a l k  F r i d a y  n i g h t  about  t h e  i d e a s  
o f  D.  K. G i l b e r t ,  who d i s c u s s e  t h i s  s u b j e c t  t w o - t h i r d s  o f  
a c e n t u r y  ago. I can ,  i n  s t u d  i n g  t h i s ,  make o u t  r e g i o n s  
o f  t h e  moon t h a t  l ook  t o  me as though t h e y  might be due t o  
l a v a  f low.  Then I can  l o o k  a t  o t h e r  r e g i o n s  and g i v e  you 
v e r y  good r e a s o n s  why I t h i n k  l a v a  f l o w s  d i d  n o t  occur  
a t  t h e s e  p l a c e s .  

There are  arguments  0 t h  ways.  I am v e r y  much 
i n c l i n e d  t o  t h e  view t h a t  Dr. o l d  h a s  expres sed ,  namely 
t h a t  much o f  t h e  smooth area o t h e  moon was once v e r y  
f i n e l y  d i v i d e d  mater ia l .  

He h a s  f e l t  t h a t  t h e  r o s i o n  of t h e  h i g h  areas o f  
t h e  moon were t o  a l a rge  degree  r e s p o n s i b l e  f o r  t h e  mare. I 
have though t  t h a t  t h e  broken up material  p o s s i b l y  on t h e  
moon was l a r g e l y  produced by t h  b i g  c o l l i s i o n s  t h a t  produced 
t h e  maria. 

That is ,  w h i l e  r e c o g n ' z i n g  t h a t  t h e s e  t h i n g s  t h a t  
D r .  Gold t a l k s  about  a re  import  n t  i n  t h e  fo rma t ion  o f  t h e  
moon, I t h i n k  t h i s  o t h e r  large f f e c t  was a l s o  of v e r y  grea t  
impor tance .  And I t h i n k  t h i s  i shown between t h e  f r o n t  and 
back s i d e s .  i 

If it were o n l y  a mat e r  o f  slow e r o s i o n ,  one would 
expec t  t h e  whole moon t o  look  t e same everywhere.  But, i f  i t  
i s  due t o  b i g  c o l l i s i o n s ,  t h e n  ne e x p e c t s  a different?. B u t  
a s  Dr. Gold emphasized i n  h i s  p p e r s  when h e  p u b l i s h c d ' t h e m  
some y e a r s  ago,  t h i s  smooth m a t  r i a l ,  s c a t t e r e d  th rough  a l l  of  
t h e  c r a t e r s  a t  t h e  s o u t h  p a r t  o t h e  moon, f o r  example,  where 
you w i l l  see t h e  smooth a r e a s ,  as  t h i s  a l l ' d u e  t o  a ho t  l a v a  h 
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remarked. i f  we were completely 
before w e  g e t  t h e r e ,  there -is no 
a s  w e l l  s t a y  on e a r t h  and be hap.?y 
wor11"y about the maria any more. 

26 

!sure  what t h e  moon is l i k e  
use t o  go You might just 

w i t h  our i d e a s  and not 

t h a t  oozed up i n s i d e  all these c a t e r s  and between them 
and gave t h i s  smooth mater ia l?  s he  s a i d ,  i t  looks 
very  un reasonab le  En t h i s  way e weened me away from 
t h e  idea t h a t  a l l  these smooth a a r e  t h e  r e s u l t  of 
l a v a .  

T h e r e  a r e  many t h i n g s  jike this that be 
d n v e s t t g a t e d  and w e  have  been d i  cussing, y e s t e r d a y ,  many 
t h i n g s  t h a t  might  be done i n  spa e e x p l o r a t i o n  t h a t  would 
t i g h t e n  u p  our i d e a s  a b o u t  t h i s  nd show u s  t h a t  indeed t h e  
m a t e r i a l  i s  one t h i n g  or the 0 t h  r r  or a mlxtwre, of b o t h ,  
and t o  what  e x t e n t  it h a s  these n t h e  s u r f a c e  of the moon. 

QUESTION: What do we now abou t  t h e  moon t h a t  w e  
are s u r e  of? 

DR. UREYn There are? rn ny thdngs  known about t h e  
moon A s  I o f t e n  remarked about I t ,  like a P P  other  
s c i e n t i f i c  t h i n g s  we know, we ha e c e r t a i n  P i n e s  of e v i d e n c e ,  
I f  w e  w i s h  t o  take any pleasure n the mat ter  we m u s k  P i s t e n  
and unders tand  t h e  l i n e s  of e v f d  

1s there s u c h  a t h i n g  s a n  electron? A l l l  we have 
a r e  c e r t a i n  l i n e s  of e v i d e n c e ,  f you w.Pyp fol low these 
l i n e s  of e v i d e n c e  you f i n d  t h a t  't is very conven ien t  t o  
suppose t h a t  there is a n  ePectro a n d  we a 1 1  t a l k  about i t  
a s  though w e  were comple t e ly  a h ndped percent s u r e  t h a t  i t  
e x i s t s ,  and I f o r  o n e  a m .  

DR. JAS'JROW: You 3 n t - e  preted the q u e s t i o n  i n  t h e  
s e m a n t i c s  w e  would u s e  She mea p what a r e  we r easonab ly  
s u r e  of. 



QUESTION: What col+r  is i t ?  

hlost ly .  The ray 
t h e  o t h e r s  d a r k e r  g r a y .  

DR, JASTROW: I f  yot 
those c ra t e r s  o f  c o u r s e  t h e  
b r i g h t .  l i k e  a be ige .  like y o t r  
t h e  dark p a r t s  wou1.d be p i t c h  
i l . l u m i n a t i o n ,  n o t  as i n t e n s e  
t h e  p a r t s  would show l i k e  d u l l  

DR. GOLD: D ~ P I ~  dray m o s t l y . ,  

mnt:eriiKk looks lighter gray and  

were s t a n d i n g  i n s i d e  on8 of 

sweater more or less, but 
b l a c k .  If you had art i f i c : ia9 .  

t o  t h e  s u n  as a s e a r c h l i g h t ,  

br ight  p a r t s  wou1.d be fairly 

c o a l .  Q u i t e  dark .  

DK. JASTROI'I: B l a c k /  e s s e n t i a l l y .  

DR, UREY: Another  
f o r  example, is t h a t  i t  is 
m a t e r i a l .  a t  l e a s t  a ve ry  thin 
must be there i n  order t o  
i n  t h e  moon as i t  goes t h r o u g k  
we know t h a t  . 

Tihat is t h e r e  b e n e a t h  
si1rPace'Z T h a t  w e  do not know. 

DR, GOLD: Dark g r a i  or black.  

d h i t q  we know about  the . S U X ~ ~ ' R C C ,  
indeed  covered with f i n e l y  d i v i d e d  

s k i n  of finely d i v i d e d  i:::itsr.in.l. 

I t s  n i g h t  a n d  d::y, For ~ x ; v i * ~ : !  .> 

under s t and  the tcnperature ckxi~~gc:; 

this very t h i n  Z n y e r  on thc 

DR. JASTROW: I t  is n very  low r e f l e c t i v i t y .  
That  is t h e  p o i n t .  I t  ref1.e~ s o n l y  t e n  per c e n t  of t h e  
l i g h t  on i t ,  If you had a c h  nk of rock i n  f r o n t  of you 
from t h e  moon i t  wou1.d l o o k  b a c k  i n  t h i s  rooin, d o n ' t  
you agree? 

DR. GOLD: Y e s .  I 

QUEBTION: How t h i n  bwri1.d t h a t  a k l n  be? 

DR. GOLD: Tha t  is t e minimum t h a t  ha:; to bo th.z:*o, 
That  is s a y i n g  n o t h i n g  a b o u t  w ether 3.P is goin,.: on the s ~ i ~ c  
t o  a g r e a t  d e p t h .  

Dii. JASTROW: ?/e, a h s  know - -  and perhaps t h i s  i n  

somethin? you would be i n t e r e s  ed i n  -- we a m  almost sure it 
neve r  had l i f e  o n  i t .  Now i t  ' s  quite lifeless. ::c *?.rc cItlitc 
s u r e  i n  e a r l y  times i t  had no i f e  e i t h e r  hcci:us;;e it is t o o  i 

I 
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Venus. The q u e s t i o n  w a s  whethe:: 
n e c e s s a r i l y  ve ry  imperfect means 
vapor  by l o o k i n g  through o u r  o w 1  
whole  d e p t h  of i t ,  was merely 

28 

t h e  absence  i n  t h e  
of d i s t i n g u i s h i n g  w a t e r  
a tmosphere ,  t h rough  t h e  

t - i a t  t h e  c loud  t o p  was 

s m a l l  a n d  l i g h t  t o  hold  a n  atm s p h e r e ,  no l i f e  a s  w e  
know i t .  

vapor  above t h e  t op  of t h e  c l o u d ,  
w i t h  terrestr ia l  c l o u d s .  

QUESTION: While w e  a e o n  t h e  b u s i n e s s  of 

i n  t h e  p l a n e t  

l i f e ,  y e s t e r d a y  D r .  John Strom t h a t  t h e  
i n s t r u m e n t s  i n  t h e  Malcolm Moore b a l l o o n  
d i s c J o s e d  t h e  ex i s t ence  of 
Venus. 

a s  indeed  c a n  be t h e  case 

DR. UREY: Very i n t e r  s t i n g  indeed .  I t  has  
been  proposed by v a r i o u s  peop le  fo r  some y e a r s  t h a t  t h i s  
m i g h t  be t h e  case. 

I p e r s o n a l l y  am n o t  t e r r i b l y  s u r p r i s e d .  

DR. JASTROW: You s h o  I d  be i n  t h e  l i g h t  of 
some of t h e  t h i n g s  you 'have 

DR. UREY: What d o  yo 

DR. JASTROW: A r e n ' t  a d v o c a t e  of  t h e  d r y  
p l a n e t ?  

DR. UREY: You w i l l  f ' n d  i n  t h e  a r t i c l e  I wrote, 
i n  t h e  Handbuch d e r  P h y s i k ,  V o l  m e  51, Menzel's and Whipple's 
i d e a ,  on t h e  atmosphere of t h e  l a n e t s ,  t h a t  I s a i d  t h a t  
Menzel ' s  and Whipple's idea  of a t e r ,  of  oceans  benea th  t h e  
c l o u d s ,  was pe rhaps  t h e  most p r  b a b l e  e x p l a n a t i o n  of t h e  
phenomena. i 

The c l o u d s  cou ld  be ter  v a p o r ,  and t h e  o n l y  
t h i n g  t h a t  t h e  p r e v i o u s  e n t s  had i n d i c a t e d  was 
t h a t  abdve them t h e r e  r y  much water vapor .  I n  
t h i s  measurement, i f  , would s u g g e s t  t h a t  perhaps 
t h e  c l o u d s  themselves  

QUESTION: Then you w u l d  d i sagree ,  D r .  Urey,  
w i t h  D r .  Opik ,  who feels t h a t  t ere is no w a t e r  a t  a l l 4 o n  
Venus. 
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a s  one  might  e x p e c t  i n  t h e  absence 
d i sappea red  from t h e  e a r t h  I t h i n k  
e a r t h  would immediately a c q u i r e  
of t h e  t y p e  w e  f i n d  i n  p e t r o l e u r i  
p l a n t s  and  t h i n g s  l i k e  t h a t .  

DR. JASTROW: H e  h a d n l t  r e a d  t o d a y ' s  paper  y e t .  

of oxygen. I f  oxygen 
t h e  atmosphere o f  t h e  

or t h a t  a r e  g i v e n  o u t  by 
a g r e a t  many ca rbon  compounds 

DR. UREY: I f  I had n t been s u p p l i e d  w i t h  t h i s  
i n f o r m a t i o n  I would have s a i d  t at t h e  e v i d e n c e  is u n c e r t a i n ,  
t h a t  wa te r  is a p o s s i b i l i t y  b e l  w t h e  c l o u d s  i s  c e r t a i n l y  
a p o s s i b i l i t y ,  and s o  f o r t h .  i 

I r a t h e r  t h i n k  t h i s  i d i ca t e s  t h a t  t h a t  sor t  of  
t h i n g  is p r e s e n t  i n  t h e  atmosph re of Venus, 

QUESTION: What does h i s  d o  t o  t h e  p o s s i b i l i t y  
or i m p o s s i b i l i t y  of l i f e  on Ven 

BR. UREY: I shou ld  t h a t  w i t h a u t  water  i t  is 
n o t  poss ib l e  t o  e x p e c t  l i f e  on p l a n e t ,  1 b e l i e v e  i t  c o u l d  
n o t  e v o l v e ,  A l l  l i f e  a s  w e  i t  l i v e s  i n  w a t e r ,  l i q u i d  
water  a tmosphere.  The f a c t  t h e y  have d e f e c t e d  water 
in t h e  h i g h  atmosphere of  o u l d  i n d i c a t e  t h a t  i t  is 
p o s s i b l e  t h a t  t h e r e  a r e  l o w  the c l o u d s ,  and if 
there is l i q u i d  w a t e r  I u l d  t h i n k  t h a t  t h e  odds 
were s t r o n g l y  i n  f a v o r  exist b e n e a t h  t h e  
c l o u d s .  

I)R. GOLD: There  is t h  o ther  problem t h a t  t h e  
r a d i o  measurements of t h e  s u r f a c  t empera tu re  o f  Venus, 
r a d i o  measurements r e f e r r i n g  t o  elow t h e  c loud  l e v e l .  
r a d i o  waves p e n e t r a t i n g  t h e  clou l e v e l  c a n  n e v e r t h e l e s s  
measure t h e  t e m p e r a t u r e ,  t h a t  t h  se measurements come up w i t h  
t e m p e r a t u r e s  t h a t  a r e  r a t h e r  too 

DR. UREY: That is r i g h t .  

DR. GOLD: I t  cou ld  be t h a t  t h e y  a r e  a t  f a u l t .  

DR. UREY: That  is r i g  t .  n 
DR. GOLD: But t h e y  wo I d  i n d i c a t e  t e m p e r a t u r e s  

of someth ing  l i k e  a t  any r a t e  i n  excess of a hundred d e g r e e s  



cen t ig rade ,  something d r e d  degrees centigrade 
which  would be much y form of l i f e  a s  w e  
know i t .  

QUESTION: for l i q u i d  water a lso.  

DR. GOLD: A t  o u r  press re. But of c o u r s e  w e  
do  not know t h e  d e p t h  of t h o  atmo phere of  Venus. 

DR. UREY: I n  a d d i t i o n  o t h a t  I t h i n k  t h e  
p r o b a b i l i t y  of  l i f e  l i v i n g  a t  s u c  t e m p e r a t u r e s  is 
r a t h e r  l o w  and t h e  r e a s o n  fo r  i t  s t h i s :  L i f e  c o n s i s t s  
of some ve ry  mi ld  chemical r eac t i  ns  t h a t  t a k e  place i n  
a ve ry  compl ica ted  way. 

If you r a i s e  t h e  t empera tu res  t o  t w o  hundred 
d e g r e e s ,  chemical r e a c t i o n s  i n v o l  i n g  t h e  element  c a r b o n  
a l l  become ve ry  r a p i d  and ve ry  d e s t r u c t i v e  of ca rbon  com- 
pounds. " 

So t h a t  I t h i n k  t h a t  complicated set of 
chemical r e a c t i o n s  o f  great  i t y  would be most 
d i f f i c u l t  t o  main ta in .  I r e a s o n  I would 
be d o u b t f u l  of l i f e  i f  t h e  a r e  so h i g h  as 
D r .  Gold mentioned. 

MR. ROSEN: A r e  w e  a g r e e  b l e  t h a t  530 might be 
a b reak ing  p o i n t ?  a 

QUESTION: Could I a s k  a q u e s t i o n  back on  t h e  
Russ i an  moon p i c t u r e s ?  From what ou c o u l d  see you i n d i c a t e d  
t h a t  t h e y  weren ' t  c lear  e m u g h  t o  ee much, or t o  g i v e  you 
much in fo rma t ion .  But from what y u c o u l d  see d i d  i t  have 
t h e  same t y p e  of craters?  i 

DR. GOLD: L e t  m e  first ake q u i t e  c lear  t h a t  I 
g r e a t l y  admired their f e a t ,  and I m i n t e r e s t e d  i n  what 
t h e y  show. I t  is o n l y  t h e  spec i f i  q u e s t i o n  c a n  I show more 
abou t  t h e  d e r i v a t i o n  of t h e  s u r f a c  . i 

QUESTION: The q u e s t i o n  s, from what you c o u l d  see, 
from what ev idence  there w a s ,  d i d  ou  have t h e  g e n e r a l  i m -  
p r e s s i o n  t h a t  there were c r a t e r s  s ch  a s  t h i s ?  

QUESTION: Was t h a t  a t  1 a s t  c lear  enough?  

DR. GOLD: Y e s .  I t  look  i n  p r i n c i p l e  ve ry  much 

DR. GOLD: O h ,  yes .  
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l i k e  t h i s  i f  you took t h i s  k i n d  oj 
ampl i tude ,  and  i n t e n s i t y  g r a d u a t i c  
s e a s ,  b u t  t h a t  is a s  f u l l y  e x p e c t €  
and a h igh  propor t ion  of highlands 
h i g h l a n d s ,  h ighland  c ra te r  s t r u c t t  
much l i k e  t h i s ,  b u t  n o t  s u f f i c i e n l  
i n t e n s i t y  t o  show t h e  s l i g h t  gradt 
needed i n  order t o  d i s c o v e r  t b e  pi 

The re  a r e  p l e n t y  of  c r a l  
a c t u a l l y  s e e n  t h e  p i c t u r e s  better 
appea red  i n  t h e  p r e s s ,  some which 
Moscow.  

They show perhaps i n  on€ 
a t  f i r s t  g l a n c e  might have been t k  
f rom a n y t h i n g  t h a t  t h e  f r o n t  has ,  
b r i g h t  f a i r l y  s t r a i g h t  long t h i n g  
i n t e r p r e t e d  i n  t h e  first q u i c k  in1  
R u s s i a n s  a s  a mountain r a n g e .  

And i f  i t  w e r e  a s  long  a 
r a n g e ,  t h e n  i t  would be q u i t e  d i f l  
is on t h e  f r o n t  of  t h e  moon. Indr  
s u g g e s t i v e  of i n t e r n a l  o r i g i n ,  whr  
no th ing  t h a t  is of  i n t e r n a l  upheai 

On t h e  o ther  h a n d ,  I nov 
what I b e l i e v e  t o  be t h e  b e s t  comr 
Russ i ans  have d e v i s e d  o u t  of t h e  s 
t h e y  took, and on t h a t  I feel  i f  1 
j u s t  a s  e n t i t l e d  t o  make by judgmc 
a mountain r a n g e  a s  anybody else. 

To m e  i t  d o e s  n o t  look 1 
looks much more l i k e  a ve ry  s t r o n g  
a s  t h e  r a y s  from T i c o ,  b u t  a ve ry  
a major p a r t  across  b u t  f a i r l y  c l c  
t h e  seas on t h e  b a c k .  

QUESTION: I have one ot 
t h a t  w e  w e r e  a t t e m p t i n g  o u r  first 
1958, t h e r e  was some t a l k  about t h  
t h e  moon from t h e  p o i n t  of view of 

DR. JASTROW: Bio log ic?  

QUESTION: Biologic c o n t  
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p i c t u r e  f o r  d e f i n i t i o n ,  
I on i t ,  R a t h e r  fewer 

Ra the r  fewer  seas 
b u t  w i t h  much of t h e  
e probably  look ing  
y w e l l  r e s o l v e d  i n  
t l o n  of i n t e n s i t y  
lsence of t h e  c r a t e r s .  

'rs v i s i b l e .  I have 
han those which  
rere f lown over from 

respect a f e a t u r e  which 
lught o f  a s  d i f f e r e n t  
.amely t h e y  show one  

That  t h i n g  h a s  been 
s r p r e t a t i o n  by t h e  

d s t r a i g h t  a mountain 
r e n t  from a n y t h i n g  t h a t  
d i t  would be ve ry  
eas  on  t h e  f r o n t  w e  see 
1 o r i g i n ,  

feel  t h a t  I have s e e n  
s i t e  p i c t u r e  t h a t  t h e  
v e r a 1  p i c t u r e s  t h a t  
look a t  t h a t  t h a t  I am 
t a s  t o  whether  t h a t  is 

k e  a mountain r a n g e .  I t  
r a y  o f  t h e  same n a t u r e  
o l d  b r i g h t  one  drawn f o r  
e t o  t h e  edge of  one of 

er p o i n t ,  A t  t h e  time 
oon s h o t  i n  August of 

f u r t h e r  e x p l o r a t i o n .  
danger  of con tamina t ing  

m i n a t i o n .  Did you people 
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d i s c u s s  t h i s  a t  all, and how do y u f e e l  about  it? Is i t  
impor t an t  or t r i v i a l ?  b 

DR. JASTROW: I t  is n o t  t r i v i a l .  I t  has been 
d i s c u s s e d  e x t e n s i v e l y ,  The conse  u s  of  informed b i o l o g i c a l  
and p h y s i c a l  o p i n i o n  i s  I t h i n k  t k  
remote on t h e  moon, which i s  s u r e 1  
objec t .  For  t h e  p l a n e t s ,  t h a t  is 
q u e s t i o n  s t i l l  t o  be cons ide red .  

QUESTION: D r .  Jas t row,  
were s e v e r a l  d i s c u s s i o n s  and indee 
confe rence .  Could you g i v e  us a n  

DR. JASTROW: L e t  m e  f i r  
be on  t h e  s a f e  s i d e ,  w e  a re  t ak ing  
contaminat ion .  

QUESTION: I have anothe  
Russ ian  p i c t u r e s  b e f o r e  w e  get  off 

How many p i c t u r e s  have F 
seen?  The p r e s s  has  o n l y  s e e n  one 

DR. JASTROW: I saw s e v e  
Meeting. That  is t h e  best t h a t  I 

QUESTION: I got t w o  f r c  

DR. JASTROW: They poole  

QUESTION: A r e  t hey  a l l  

DR. JASTROW: I c a n ' t  re 
H a r r i s o n  Brown wears t w o  h a t s .  He 
moon. He a l s o  h a s  a prominent pos  
r e s e a r c h  i n  t h e  academy. I c a n ' t  
he  is i n t e r e s t e d  i n  t h e  back s i d e  
t h e  oceans .  

DR. BROWN: They a re  bot 

it t h i s  danger  i s  m o s t  
y a ve ry  s ter i le ,  l i f e l e s s  
i n o t h e r  s t o r y .  That  is a 

you mentioned t h a t  there 
1 arguments  d u r i n g  t h e  
?xample o f  t ha t ?  

Lsh t h i s  f irst .  S t i l l ,  t o  
p r e c a u t i o n s  a g a i n s t  

7 q u e s t i o n  abou t  t h e  

?ople i n  t h i s  c o u n t r y  
, and L i f e  had t w o .  

*a1 a t  t h e  Rocket S o c i e t y  
:an t e l l  you. 

II t h e  Russ i an  Embassy. 

I them a l l  toge ther .  

m s e n t i a l l y  t h e  same? 

;ist commenting. 
is i n t e r e s t e d  i n  t h e  

. t i o n  i n  oceanographic  
i e l p  b u t  ask him whether  
)f the moon 2s w e l l  a s  

L impor t an t .  
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DR. UREY: One o f  t h e  
n i z e  about  a s c i e n t i f i c  s u b j e c t  
t h a t  one can o n l y  suspend judgment 
c e r t a i n  t imes .  If we t a k e  t h e  m 
be ,  t h e  s u r f a c e  of Venus a p p e a r s  
even  t h e  a u t h o r s  of t h i s  work, a s  
abou t  i t ,  a re  a l i t t l e  r e s e r v e d  
And we a re  hoping t h a t  more 
a t t e m p t s  t o  unde r s t and  t h i s  w i l l  
some o t h e r  i n t e r p r e t a t i o n .  So it 
judgment.  

3 3  

t h i n g s  t h a t  one must recog-  
t h a t  i s  under  development i s  

about  c e r t a i n  t h i n g s  a t  
asurements  as  t h e y  seem t o  
t o  be h o t .  But I b e l i e v e  

about  a c c e p t i n g  i t  a s  f i n a l .  
measurements w i l l  be made and more 

b e  made which may l e a d  t o  
i s  s imply  a suspended 

w e l l  as a l l  o f  u s ,  who r e a d  

QUESTION: I would l i k  t o  a s k  how much doubt  
t h e r e  

l i f e  i s  improbable .  

i s  on t h e s e  r a d i o  de t e rmin  t i o n s  of  t h e  t empera tu re  of  
Venus. Dr. Urey s a i d  i f  it i s  a h o t  as it seems t o  be,  

d i o x i d e  -- l i m e s t o n e  and sand.  

DR. JASTROW: D r .  Urey i s  t h e  o r i g i n a t o r ,  by t h e  
way -- I t h i n k  it i s  h i s  o r i g i n a l  i d e a  -- of" an argument 
which i n d i c a t e s  t h a t  Venus i s  e f t  e r  e n t i r e l y  a r i d ,  e n t i r e l y  
d r y ,  o r  e n t i r e l y  wet. I though t  e f a v o r e d  t h e  d r y  p l a n e t  
t h e o r y .  But t h e  p r e s e n c e  o f  wate vapor  i n  t h e  atmosphere,  
combined w i t h  Haro ld ' s  argument,  u g g e s t s  t h a t  Venus may be 
one v a s t  ocean  teeming w i t h  count  e s s  mons te r s ,  bscause  t h e  
c o n d i t i o n s  a re  f a v o r a b l e  e x c e p t  f I" t h i s  i n  any c a s e  i s o l a t e d  
o b s e r v a t i o n  on t h e  r a d i o  t empera t  t r e .  

QUESTION: Why do you n c e s s a r i l y  want t o  go a l l  
o u t  one way o r  a n o t h e r ?  e 

DR.  UREY: Let m e  pu t  i t h i s  way. Carbon d i o x i d e  
r e a c t s  w i t h  t h e  r o c k s  on t h e  Ear t  t o  produce l i m e s t o n e  and 
sand .  T h i s  r e a c t i o n  i s  t a k i n g  p l  c e  a l l  t h e  t ime .  From o u r  
chemica l  thermodynamics we can c a  c u l a t e  what t h e  e q u i l i b r i u m  
p r e s s u r e  o f  carbon d i o x i d e  i n  t h e  atmosphere would be ,  how 
much w i l l  be abso rbed  be fo re  i t  s 

The c a l c u l a t i o n s  a re  no ve ry  a c c u r a t e .  But t h e y  
i n d i c a t e  t h a t  t h e  p r e s s u r e  o f  c a r  on d i o x i d e  cou ld  be con- 
s i d e r a b l y  less i n  t h e  p r e s e n t  atm sphe re  o f  t h e  E a r t h  t h a n  
i s  obse rved .  i 
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Suppose i t  were compl t e l y  d r y .  Then the rcaction 
c o u l d n ' t  t a k e  r a p i d l y  a t  a l l .  would proceed i n  t h e  surface 
of t h e  d r y  rocks t o  a s l i g h t  e x  and t h e n  a l l  stop. There 
is a n o t h e r  way you c a n  s t o p  i t ,  
p l a n e t  w i t h  water  and a g a i n  t h c  
d i o x i d e  t o  g e t  i n t o  t h e  s o l i d  n 

There  is a n o t h e r  expl  
t h a t  t h e  ca rbon  d i o x i d e  has  a l r  
face r o c k s  of Venus and t h e r e  j 

d i o x i d e  l e f t  o v e r ,  w i t h  nothing 
meet t h i s  i n  a v a r i e t y  of ways, 
be d r y .  

Then Menzel and Whip€ 
c o u l d  be comple t e ly  cove red  wit  
are o ther  p o s s i b i l i t i e s .  

DR. JASTROW: The bac 
huge amount of  ca rbon  d i o x i d e  li 
I t  is t h e  one t h i n g  w e  have d i s  
H a r o l d ' s  argument is based on t 

DR. BROWN: I t  should 
atmosphere composed e n t i r e l y  of 
e n t i r e l y  d i f f e r e n t l y  from our  c 
d i o x i d e  r a d i a t e s  q u i t e  e f f i c i en  
you have r e a l l y  a ve ry  complica 
l i g h t  coming i n ,  becoming degra 
sor t  of i n  a greenhouse.  That 
But t h e  e x t e n t  t o  which t h e  car 
k i n d  of c i r c u l a t i o n  p a t t e r n  i n  
de t e rmine  how r a p i d l y  i t  can  c c  

QUESTION: Can w e ,  b y  
o f  r a d i a t i o n  ba lance  i n  t h a t  s e  

DR. UREY: My colleag 
f o r n i a  w a s  so t h o u g h t l e s s  as t o  
La Jo l l a .  D r ,  Minta h a s  been 
v e r y  s u b j e c t .  He will purlish 
are immense c a l c u l a t i o n s  t h a t  h 
know enough about  i t  t o  f i x  t h e  
l i a b l y .  Such a t t e m p t s  are bein 

DR. BROWN: One more 
about  t h e  Venusian atmosphere.  
pe rhaps  s u g g e s t i v e .  

~ You can cover t h e  whole 
e is no way for  t h e  ca rbon  
, t e r i a l s  and react e f f e c t i v e l y .  

, n a t i o n  of  t h i s .  I t  may be 
ady r e a c t e d  w i t h  a l l  t h e  s u r -  
still  a s u p p l y  of ca rbon  

t o  react w i t h .  So you c a n  
I o r i g i n a l l y  s a i d  i t  must 

e came a l o n g  and s a i d  it 
ocean ,  and I ag reed .  These 

ground is t h a t  there is a 
t h e  atmosphere o f  Venus. 

overed  up t o  t h i s  t i m e .  
a t  o b s e r v a t i o n .  

be p o i n t e d  o u t  a l so  t h a t  an 
ca rbon  d i o x i d e  would behave 
n atmosphere.  Carbon 
l y  i n  t h e  i n f r a  r e d ,  so 
ed  problem. You have v i s i b l e  
ed,  g e t t i n g  t r a p p e d  i n  t he re ,  
n i t s e l f  would make i t  hot .  
on d i o x i d e  c r e a t e s  a p a r t i c u l a r  
he Venusian atmosphere w i l l  
1 o f f .  

o b s e r v i n g  Venus, do  any k i n d  
se? 

e a t  t h e  U n i v e r s i t y  of C a l i -  
be a t  Los Angeles  i n s t e a d  of  
k i n g  c a l c u l a t i o n s  on t h a t  
paper before long .  There 

ve t o  be made. We do n o t  
fundamental  c o n d i t i o n s  re-  
made. 

h ing  s h o u l d  be p o i n t e d  o u t  
T h i s  is ve ry  t empt ing  and 
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If w e  were t o  take a l l  
t h e  E a r t h  i n  t h e  form of l imesto 
a l l  the  ca rbon  d i o x i d e  i n t o  t h e  
something l i k e  t e n  a tmospheres  o 
be v e r y  similar t o  t h e  Venusian 
t o  s u s p e c t  t h a t  pe rhaps  there  a r  
s t o n e  t o  be found on Venus, If 
mean t h a t  a l t h o u g h  t h e r e  might b 
no t  be l i f e  w i t h  bones and suppo 

QUESTION: J e l l y f i s h ?  

DR. BROWN: J e l l y f i s h ,  

QUESTION: Could t h e s e  
from radio telescope o b s e r v a t i o n  
e f f e c t s  similar t o  t h a t  on J u p i t  

DR. JASTROW: I t h i n k  
and  so f o r t h  t h a t  occur on J u p i t  
radio n o i s e ,  I t h i n k  t h a t  is t h  

QUESTION: If you were 
t r y  t o  g e t  measurements of t h e  E 
e f f ec t  would you s a y  t h e  ionosph  
measurements'? Could t h a t  be pos 

DR. JASTROW: I d o n ' t  
a f f e c t  you v e r y  much, I t  would 
you would u s e .  I t h i n k  t h i s  is 
of  t h e  r a d i o  measurements of  Ven 
one has  t o  r e s e r v e  judgment on t 
t h e  s u r f a c e  t e m p e r a t u r e s ,  But i 

QUESTION: I n  other  w o  
i n  t h e  atmosphere those measurem 

DR. JASTROW: I t  is PO 
t o  the  u n c e r t a i n t y ,  I t h i n k  one 

QUESTION: What are so  
were deduced for  Venus b e f o r e  r a  

DR. JASTROW: They v a r  
on the  wavelength .  Is  t h a t  r i g h  
s i d e r a b l e  v a r i a t i o n ,  a c o u p l e  of  

DR. UREY: Y e s ,  
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t h e  c a l c i u m  carbonate on 
e and h e a t  it up,  and put  
tmosphere ,  w e  would have 
ca rbon  d i o x i d e .  I t  would 

tmosphere. T h i s  leads one 
no major d e p o s i t s  of l i m e -  

h a t  is t r u e ,  t h e n  i t  would 
l i f e  t h e r e ,  there might 

t i n g  s t r u c t u r e s .  

h i g h  t empera tu re  i n d i c a t i o n s  

r? 
be due t o  s y n c h r o t r o n  

o t .  With t h e  v i o l e n t  storms 
r ,  Venus is n o t  a s o u r c e  o f  

answer.  

t o  s t a n d  off  f r o m  E a r t h  and 
r t h ' s  t e m p e r a t u r e ,  what 
re  would have on your 
i b l e ?  

h ink  t h e  ionosphe re  would 
epend on t h e  wavelength  
he answer t o  t h e  q u e s t i o n  
s '  t e m p e r a t u r e .  I b e l i e v e  
e i n t e r p r e t a t i o n  of  those,  
is i n t e r e s t i n g .  

d s ,  you d o n ' t  know how deep  
n t s  re la te?  

s i b l e  t h a t  t h a t  c o n t r i b u t e s  
s h o u l d  r e s e r v e  judgment 

e of t h e  t e m p e r a t u r e s  t h a t  
i o  t e l e s c o p e s  made t h e i r s ?  

a l l  o v e r  t h e  l o t ,  depending  
, Harold? There is a con- 
hundred d e g r e e s ,  
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DR. JASTIiOW: I c a n ' t  
hundred d e g r e e s .  

QUESTION: From what ( t o  what? 

remember. They va ry  by s e v e r a l  

36 

DR. UREY: The tempe a t u r e  of Venus, as de termined  
from i n f r a  r e d  measurements a t  Mount Wilson, r a n ,  as I r e c a l l ,  
about  235 d e g r e e s  a b s o l u t e ,  T a t  would be minus f o r t y  d e g r e e s  
C e n t i g r a d e .  And t h a t  is about  minus  f o r t y  d e g r e e s  F a h r e n h e i t .  
T h i s  was t h e  observed  tempera t  r e  from t h e  i n f r a  r e d .  

I n  t h e  second p l a c e ,  Dr. Chamberlin and D r .  Kuiper  
McDonald s t u d i e d  c e r t a i n  bands of  ca rbon  d i o x i d e  i n  t h e  
atmosphere and t h e y  g o t  somewh t above t h e  f r e e z i n g  p o i n t  
of water, about  t e n  d e g r e e s  Ce t i g r a d e .  I f  t h e  measurements 
a r e  correct,  t h e y  are measur in  d i f f e r e n t  l a y e r s  i n  the  
atmosphere.  D o  you see? i 

Then i f  you are g o i n  t o  unde r s t and  i t ,  we must 
t r y  t o  c o n s t r u c t  an  atmosphere t h a t  has  d i f f e r e n t  l e v e l s  of 
t empera tu re  which can  be accou t e d  fo r  on the  basis of t h e  
o b s e r v a t i o n s  and t h e o r y ,  T h i s  h a s  no t  been done s a t i s f a c t o r i l y  
a t  a l l .  

MR. ROSEN: I t  is now 5.:31, gent lemen,  

DR. UREY: We a r e  ha  i n g  a good t ime .  We a r e  j u s t  

MR. ROSEN: If you h ve no o b j e c t i o n s  t o  s t a y i n g  on ,  

born  t e a c h e r s .  

I l e a v e  i t  up t o  t h e  p r e s s .  

DR. JASTROW: I t h i n 4  w e  can  do it  i n f o r m a l l p .  

QUESTION: M i l t  Rose -- no t  Herb Iiosen -- put  
f o r t h  t h e  t h e o r y  a s h o r t  t i m e  go t h a t  he f e l t  t h a t  an  e a r l y  
manned l u n a r  probe w a s  a d v i s a b  e From what you gent leman 
have s a i d  here abou t  t h e  t h i n g  t o  be l e a r n e d ,  t h i s  would s e e m  
t o  s u p p o r t  t h i s  t h e o r y .  Would i you comment on t h a t ?  

MR. ROSEN: As l ong  s w e  a v o i d  dates .  

DR. UREY: I d o n ' t  k o w  any d a t e s .  

DR. JASTROVJ: We don t know any dates  and we s h o u l d  
comment t h a t  a g r e a t  d e a l  can  e l e a r n e d  i n  t h e  n a t u r a l  c o u r s e  
of e v e n t s  w i t h  regard t o  t h e  d f f i c u l t i e s  of b r i n g i n g  a man t o  
t h e  moon, and w i t h  regard t o  t e f ac t  t h a t  he m u s t , b e  b rough t  
back. I t  is c e r t a i n  t h a t  much of  what we wish  t o  know w i l l  
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chemica l  p l a n t s  i n  t h e  Un i t ed  
may t u r n  o u t  t o  be t h e  most 

be l e a r n e d  by remote cont ro l  hrough unmanned i n s t r u m e n t a t i o n  
before we have a p lanned  l a n d  

S t a t e s  makes heavy water. I t  
i i i p o r t a n t  fuel t h a t  man h a s  ever  

QUESTION: D r .  U r e y  you s a i d  a w h i l e  ago someth ing  
which  shocked me. I g u e s s  y o  d i d n ' t  mean i t .  Y o u  said if 
w e  knew t h e  answers  t o  a l l  t h  s e  q u e s t i o n s  w e  c o u l d  s i t  home 
and forge t  about  i t .  i 

But i t  w a s n ' t  my pr imary  

And so when w e  are 

DR. UREY: S u r e l y .  1 

inte: :es t .  

t a l k i n g  abou t  t h i s  w e  are  r e a l l y  

QUESTION: I w a s  un e r  t h e  impress ion  t h a t  t h e r e  w a s  
Some o b j e c t i v e  i n  r e a c h i n g  t h  moon, o t h e r  t h a n  s imply  l e a r n i n g  
a b o u t  i t .  

DR. UREY: I m y s e l f  a m  immensely t h r i l l e d  b y  a f ea t  
of e x p l o r a t i o n ,  I w a s  t h r i l l  d when somebody got  t o  the Sou th  
P o l e  and t h e  Nor th  P o l e .  I w u l d  l i k e  t o  see somebody c l i m b  
M t .  E v e r e s t .  I w a s ,  immensely t h r i l l e d  by t h e  f l i g h t  of t h e  
i n s t r u m e n t s  of t h e  USSR to  t h  back s i d e  of the  moon, s e n d i n g  
u s  an  approximate  p i c t u r e  of t .  There are many t h i n g s  i n  
l i f e  b e s i d e s  s c i e n c e .  I e n j o  a l l  of these t h i n g s .  

QUESTION: Then t o  o a l i t t l e  f u r t h e r  t h a n  t h a t ,  
i s n ' t  there  a r ea l  o b j e c t i v e  n g e t t i n g  t o  t h e  moon, as ide  
f r o m  f i n d i n g  o u t  i f  t he re  is i f e  on t h e  moon? 

DR. UREY: N o t  from t h e  s c i e n t i f i c  p o i n t  of view 
a t  a l l .  L e t  m e  pu t  it t h i s  w y :  S c i e n t i s t s ,  by and l a r g e ,  
are i n t e r e s t e d  i n  u n d e r s t a n d i  g t h e  u n i v e r s e ;  N o t  i n  do ing  
p r a c t i c a l  t h i n g s .  

DR. 
DR. 

i n t e r e s t e d  i n  
work w e  found 
t u r n e d  out t o  

JASTROW: I wou d n ' t  go so f a r  a s  -- 
UREY: L e t  me f n i s h  t h e  s t a t e m e n t .  We are 
u n d e r s t a n d i n g .  As w e  pursued  our s c i e n t i f i c  
t h a t  t h e  s i d e  p o d u c t s  of o u r  s c i e n t i f i c  work 
be immensely u s  f u l .  I have an example of t h a t .  
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u s  ve ry  much and w e  may go a l o n g  
T h i s  is what I mean by i t .  

Our pr imary  conce rn  as 

and pay it a v i s i t  some day .  

s c i e n t i s t s  is t o  t r y  t o  under-  

of  t h e  solar sys t em,  t h e  o r i g i n  of 
h i s t o r y  of  the moon, and from i t  
and what t h e  p l a n e t s  may be l i k e ,  
i n  making a t r i p  somewhere. Tha t  

QUESTION: I would Like t o  ask D r ,  Brown if he would  
ra ther  d i g  a mole hole t h a n  send  11 t h e s e  i n s t r u m e n t s  t o  t h e  
moon? I 

the  e l e m e n t s ,  and t h e  p a s t  
t h e  p a s t  h i s t o r y  of t h e  E a r t h  

and t h e s e  t h i n g s ,  t h a n  I a m  
is what I want t o  say. 

DR. BROWN: Which would I r a t h e r  do'? 

r e l a t e d  t o  t h e  o r i g i n  of t h e  solar 
on what w e  know a t  t h i s  t i m e ,  But; 
t h e  moon is something a k i n  t o  
Spa in .  He thought  he w a s  l o o k i n g  
t h i n g  q u i t e  d i f f e r e n t ,  Haro ld  h a s  

s y s t e m .  They are based 
r e a l l y  t h e  e x p l o r a t i o n  of  

f o r  I n d i a .  H e  found some- 
Colt.mbus's s e t t i n g  f o r t h  from 

said i n  as b e a u t i f u l  a way 

DR, BROWN: No, What w(, i n d i v i d u a l l y  would ra ther  do. 

QUESTION: Y e s  

DR. BROWN: I would rather 

QUESTION: Doctor, you 

QUESTION: D r ,  Jastrow, i n  view of what happened 
las t  Thursday,  I wonder i f  t h e r e  s any p a r t i c u l a r  s i g n i f i c a n c e  
t o  t h e  fact  t h a t  t h e  s u b j e c t  of  1 n a r  e x p l o r a t i o n  h a s  been pu t  
i n  t h e  hands of t he  T h e o r e t i c a l  D ' v i s i o n ?  i 

go t o  the  m00n any day.  

sounded a l i t t l e  j e a l o u s .  

DR. JASTROW: No, it  ha n ' t  been ,  W e  are i n t e r e s t e d  
i n  l u n a r  r e s e a r c h  because  of  its i n  cosmology and its 
g e n e r a l  impor t ance ,  and w e  a r r a n g  some e i g h t  
or t e n  weeks ago. I a c t u a l l y  do hot know enough about  o u r  
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s c h e d u l e s  t o  have been aware 
the s h o t  t h a t  was a t tempted .  
i n  t h i s  area. I t  is one of s 
m e  i n t e r e s t e d  i n .  The o ther  
p r o p e r t i e s ,  g e o p h y s i c s ,  upper  

QUESTION: W i l l  w e  
c o n f e r e n c e s  on t h o s e  s u b j e c t s  

DR. JASTROW: That  
i f  YOU people are i n t e r e s t e d  

MR. ROSEN: A r e  you' 

QUESTION: Y e s ,  I WI 

MR. ROSEN: We w i l l  

(Thereupon, a t  5:36 
w a s  concluded .  ) 

+ 
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h a t  i t  fo l lowed  so c l o s c l y  on 
We i n t e n d  t o  c o n t i n u e  o u r  i n t c r e s t  
vera1 b ranches  t h a t  we as t h e o r i s t s  
are a s t r o p h y s i c s ,  p l a n e t a r y  

atmosphere p h y s i c s ,  e t  cetera .  

Lso have symposia and p r e s s  
vhen t h e y  take p lace?  

3 up t o  M r .  Rosen and you, 
1 t h i s  sor t  of t h i n g .  

I l d  be.  

see i f  i't c a n  be a r r a n g e d .  

l.m., t h e  p r e s s  c o n f e r e n c e  

t +  
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NATIONAL AER~NAUTICS AND 

WASMlM6TON 1 

NOTE TO EDITORS: 

Attached I s  a release describing 

an experiment designed t o  launch in to  

a 100-foot Inflatable sphere f o r  use 

s a t e l l i t e ,  
Thle re lease i s  an exception t o  

not publicly announcing space experim 

gerfomed -- whether successfully o r  

Sc ien t i s t s  In the communications 

oonstnrotivo UW or experiments invol 
notice su f f i c l en t ly  i n  advance t o  msk 

preparations , 
Therefore, we are making this ea 

intenae In te rea t  exlprsased by the  scl  

volunteer par t ic ipa t ion  by others tha 

ipate on a contractual basis, 

The news media, I n  addltion t o  t 

can help us infor?m the  scientific con 

of some of the 'psr\tinent( de t&i l s  of t 

SPAd ADMINISTRATION 

, 0. c. 

NASA's Project Echo 0- 

o r b i t  ear ly  next spring 

s a passlve communications - 

long-standing policy o f  

n t s  u n t i l  they have been 

rot , 

f i e l d  who could make 

Ing  the sphere must have 
1 neceesary technical 

,eptIon because o f  the  

Fntific community f o r  

L those who Will partlo- 

Le normal technical charnnele, 

tunit les here and abroad 

0 experiment. 

Walter T, Bonney 
Mree t  o r  
O f f  l e e  o f  Public Information 



NATIONAL AERONAUTICS ADMINISTRATION 

a t  oday by t h e  

December 4, 1959 

For Release: When capsule on board covery ship 

LITTLE JOE C A P S U I  

The L i t t l e  Joe  capsule launch€ 

National Aerwnautic 

Virginia ,  was recovered a t  

S c i e n t i s t s  w i l l  analyze data I 

the  operat ion of t h e  Pro jec t  Mercur 

high a l t i t u d e .  

The rhesus monkey ca r r i ed  on 1: 

t h e  b io log ica l  response t o  space f l  

capsule and survived the f l i g h t .  1 

of Aviation Medicine a t  Brooks AFB, 

s t r a t i o n  from Wallops S ta t ion ,  

ly t h e  USS 

orded on-board t o  determine 

p i l o t  escape mechanism a t  

.rd t o  o b t a i n  measurements of 

;ht has been removed from t h e  

w i l l  b e  taken t o  the School 

:exas, for pos t - f l i gh t  ana lys i s .  
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

WASHINGTON 2 I , D. C. 

NASA RELEASE NO. 59-261 
DU 2-6325 

NASA TO LAUNCH 1 

Plans t o  launch a 100-foot-diame 

o r b i t  as a communications experiment 

the National Aeronautics and Space Ad 

Known as Project  Echo, t he  exper 

of an aluminum-coated sphere i n t o  a 1 

o r b i t  early i n  the  spr ing of 1960. T 

nor theas te r ly  d i r ec t ion  from Atlant ic  

i n c l i n a t i o n  of about 50 degrees t o  t h  

The object ive of the  experiment 

of a passive r e f l e c t o r  communications 

The vapor-deposited aluminum skin  of 

give it a high degree of radio wave r 

100-foot sphere i s  placed i n t o  o r b i t ,  

two-way radio communications between 

of t h e  United S t a t e s  by bouncing sigr! 

Once i n  O r b i t ,  t h e  s a t e l l i t e  w i l  

located between 50 degrees north l a t i  

l a t i t u d e .  I ts  o r b i t a l  period w i l l  be 

expected t o  pass over every port ion c 

- . ... . . . .." -- .- , . . . . .. ._-I. . .. ... __.. . . - 

For Release: 

December 7, 1959 
Monday, a.m. 

0-FOOT SPHERE 

e r  i n f l a t a b l e  sphere i n t o  

ere announced today by 

i n i s t r a t i o n .  

ment cal ls  f o r  the  launch 

00-mile-altitude earth 

e launch i s  t o  be i n  a 

Missile Range w i t h  an 

equator. 

s t o  t e s t  t h e  f e a s i b i l i t y  

system on a global  basis. 

he b i g  s a t e l l i t e  w i l l  

f l e c t i v i t y ,  After t he  

NASA hopes t o  e s t a b l i s h  

he E a s t  and West Coasts 

.Is off t h e  sphere. 

pass over a l l  countr ies  

ude and 50 degrees south 

about 120 minutes. It i s  

' t he  United S t a t e s  except 

-, . -. .. . . . . . . . . . -. - , . . .  
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of 4,000 megacycles per  second. 

150 pounds. It w i l l  be as bright as a. 

about as bright  as Vega. 

The 

The payload package w i l l  be carri,ed 

launch vehicle.  

A t  launch, the sphere i s  folded 

container.  About four  pounds of waterm 

car r ied  ins ide  the  sphere. A t  in jec t ion ,  

Alaska, enabling many independent res i n  the  comu- 

nicat lons f i e l d  t o  make use of the  f o r  propagation 

experiments. The maximum t i m e  of between the  

East and West Coasts f o r  any one 16 minutes. 

The launch next spring w i l l  Project  

Echo satell i tes.  Each w i l l  be a 

developed at NASA's Langley 

s a t e l l i t e  w i l l  be an 

Mylar p l a s t i c  coated 

radio wave 

sphere w i l l  weigh about 

zero magnitude s tar  -- 

i n t o  o r b i t  by a Delta 

ins ide  a 28-inch diameter 

i n  a p l a s t i c  bag i s  

the  payload container  

opens by explosive b o l t s  and the  sphe e begins i n f l a t i o n  w i t h  

the  res idual  a i r  ins ide  the  s a t e l l i t e  In f l a t ion  i s  completed 

as water i n  the  p l a s t i c  bag turns  t o  apor and expands. 

The two major f a c i l i t i e s  involve i n  the  experiment w i l l  

lds tone Tracking s t a t i o n  be NASA/Jet Propulsion Laboratory's 

i n  Cal i fornia  and a Bel l  Telephone Laqoratory s t a t i o n  a t  Holmdel, 

Goldstone w i l l  t ransmit a 2390 m s igna l  f o r  in te rcept ion  

a t  Holmdel. The Bel l  antenna w i l l  t a 960 mc/s s igna l  

New Jersey.  

. .-  ..-.. ~ _. .._ . .__ - .  . . . . . .. . 1 -  - .  . ... . .. . 



to be picked up by Goldstone. 

Project Echo is NASA's first ste 

tigation of the application of artif3 

global communications. Such satellit 

as relay stations f o r  transmission of 

television. 

END 

in a long range inves- 

:ial earth satellites to 

3s may one day be used 

signals, voice, and 

. . . . . ...... .. ._I_._.._ __..- 



NATIONAL AERONAUTICS I 

WASHING' 

Statement by ' 

A d m i i  

National Aeronautics i 

bef( 

I n s t i t u t e  01 

Pasadena, C a l i j  

M r .  Chairman, Distinguished GI 

of t he  World Affairs Council: 

It i s  an honor t o  speak from f 

am p a r t i c u l a r l y  g r a t e f u l  for t h e  01 

members of t h i s  d is t inguished  audic 

our na t iona l  space program. A s  c i t  

of the problems and promises t ha t  c 

the  f i e l d  of space explorat ion.  AE 

the  World Affairs Council, you w i l l  

i n  t he  p o s s i b i l i t i e s  f o r  u se fu l  and 

cooperation tha t  reside i n  t h i s  nev, 

activity. 

A s  one of my colleagues ha.s pu 

the  v a s t  d i s t ances  of t h e  s o l a r  sys 

the sun; 26 mi l l i on  m i l e s  t o  Venus, 

. . . . . .". .- - . . . . . .___ 

ND SPACE ADMINISTRATION 

IN 25, D. C. 

For  Release: 
Monday, p .m.  I s  
December 7, 1959 

. Keith Glennan 

i s t ra t o r 

nd Space Administration 

re the 

World Affairs 

,, December 7, 1959 

Ssts, Members and Friends 

lis platform ton igh t .  I 

) o r t u n i t y  t o  br ing t o  t h e  

ice a br ief  d iscuss ion  of 

.zens, you should be aware 

iallenge the  na t ion  i n  

members and f r i e n d s  of 

be i n t e r e s t e d ,  I am sure,  

e f f e c t i v e  i n t e r n a t i o n a l  

area of s c i e n t i f i c  

it--"When one considers  

em --- 93 mi l l i on  miles  t o  

t h e  nea res t  p lane t ;  3,680 



million miles t o  Pluto --- catalogs the problems 

obtained was tha t  borne by t h e  l i g h t  

t h e  d i s t a n t  c e l e s t i a l  ob jec t  through 

observing instrument on the ground. 

waves have been supplemented by rac.io 

formation from t h e  stars and planetjs. 

t o  be solved and t h e  new knowledg that i s  needed i n  almost el 

t h a t  was t ransmi t ted  from 

t h e  atmosphere t o  the 

In  recent  years  the  l i g h t  

waves as c a r r i e r s  of i n -  

every branch of science and techno/logy from magnetohydrodynamics 

t o  cosmology, from materials to b ology and psychology, t h e  

magnitude of t h e  task before us b comes apparent.  It i s  a 

task tha t  challenges the  peoples o the  earth a s  a whole. 

There i s  room f o r  cooperation of en of many s k i l l s  and of 

nat ions,  l a rge  and small". 

I n  this context of viewing sp ce  research as an i n s t r u -  i 
ment for t he  development of meanin f u l  cooperation between k 
nat ions,  l e t  m e  f irst  descr ibe  t h e  program of the United S t a t e s .  

I w i l l  then t e l l  you what I know o the  program of t h e  Soviet  

Union. F ina l ly ,  I sha l l  d i scuss  t e manner i n  which i n t e r -  

na t iona l  cooperation i s  beginning o develop. In  doing t h i s ,  

I shall  borrow l i b e r a l l y  from repo t s  and. papers presented k 
a t  i n t e r n a t i o n a l  meetings which ha e been held i n  t h e  l a s t  

seve ra l  months. 

The i n t e r e s t  of man i n  o u t e r  pace began long ago among 

unc iv i l i zed  peoples t o  whom t h e  f a  e of t h e  sky was clock and 

almanac; t h e  c e l e s t i a l  bodies, obj  c t s  of worship. Exploration 

was a t  f i rs t  by v i s u a l  observation i l a t e r  a ided  by armillary 

spheres and quadrants,  and s t i l l  l 4 t e r  by more p r e c i s e  measuring 

instruments,  te lescopes,  and spectroscopes,  The information 

...... __  . . . . . . .  - 1 ..... . . . . . . . . . . .  .__I._i_. ~ ..... ....__..-_._I_ . .  . .  . . . . . . . . . . .  



Men of many nations have con ributed through the  centur ies  
t o  t he  explorat ion of space by t methods of astronomy. The 

h i s t o r y  of advances i n  astronomi 1 knowledge and technique 

includes the  records of Chinese, abylonians,  Greeks, Arabians, 

and of near ly  every na t ion  of ti? odern world. In t e rna t iona l  

cooperation was e a r l y  recognized s e s s e n t i a l  and benef ic ia l ;  

t h e  count less  number of t h e  s t a r  nd t h e  vastness  of space 

present  mankind w i t h  a t r u l y  g l o  

The p i c t u r e  of t h e  universe  by the astronomers 

e a r l y  s t i r r ed  the imagination of $en t o  speculate  about t h e  

ex i s t e rxe  of l i f e  elsewhere i n  t h  universe,  about means of 

communication w i t h  d i s t a n t  stars, and i n  t h e  l a s t  cen tu r i e s  e 
about the p o s s i b i l i t y  of t h e  t r a v  1 of man t o  t h e  moon and 

p l ane t s .  Some sought t o  apply t h  science and engineeripg 

of t h e i r  day t o  descr ibe the vehi les  t o  be used. For 

example, J u l e s  Verne published 1865 i n  “Prhom t h e  Ezrth 

t o  t h e  Moon“ a desc r ip t ion  of a n-launched p r o j e c t i l e  

carrying passengers t o  o r b i t  oon. Today we have taken 

t h e  f i - -? t  s t eps  t o  bring t h i s  i r e d  v i s ion  t o  r e a l i t y .  

The explora t ion  of space by ed vehic les  carrying 

s c i e n t i f i c  apparatus began on Oct ber 4, 1957; explorat ion 

by man w i l l  fo l low i n  due course.  

Now that date--October 4, 7--did something more than 

mark the  successfu l  launching s a t e l l i t e  i n t o  an o r b i t  

around t h e  earth by the  Soviet  on. It brought t h i s  na t ion  

t o  i t s  fee t  i n  a s o r t  of e n t .  How had t h i s  come 

about? Our leadersh ip  i n  and technology, our genius 

f o r  applying new through research  t o  the  

. ___..._..I. . .  __  .* 1 . . . .. . . . . .  ... . . .” ~ __.I 



so lu t ion  of' the  problems of mankind]-these were being challenged-- 

and i n  a m o s t  draiiatic way. I n i t i a j  reac t ions  of skept ic ism 

began t o  give way t o  a sober  r ea l i za t ion  that  space research 
was more than a s c i e n t i f i c  a c t i v i t y 4  In  the hands of a 

determined and able  competitor, i t  vias a mighty instrument 

f o r  propaganda and a symbol of i n t e  na t iona l  p re s t ige .  

In  mid-1958, t h e  National Aero a u t i c s  and Space Act 

was signed i n t o  law and t h e  Nationa Aeronautics and Space 

Administration was es t ab l i shed ,  Thd Act begins w i t h  a 

dec la ra t ion  of pol icy and purpose w i c h  reads thusly:  
.J 

The Congress hereby dec l  r e s  t ha t  i t  i s  t h e  1 1  

pol icy  of t he  United S t a t e s  t h a t  a c t i v i t i e s  i n  space 

shou.ld be devoted t o  peaceful durposes f o r  the  

bene f i t  of  a l l  mankind". It adso  dec lares  t ha t  

"The aeronaut ica l  and space a c d i v i t i e s  of t h e  

United S t a t e s  s h a l l  be conductdd s o  as t o  cont r ibu te  

materially t o  (among o the r  ob jdc t ives )  cooperation 

by t h e  United States  with other) nat ions and groups 

of nat ions i n  work done pursuant t o  t h i s  Act and i n  

the peaceful  app l i ca t ion  of t h  r e s u l t s  thereof'." 

I th ink  I will not take t h e  t i  e ton ight  t o  descr ibe 

t h e  growth of NASA to you. We do h ve i n  operat ion severa l  

l a r g e  research centers ,  t h r e e  of wh'ch i a r e  located i n  

California,  One of these i s  well kdown to t h i s  audience- 

t h e  J e t  Propulsion Laboratory opera ed by C a l  Tech under 

cont rac t  t o  NASA, The Congress b e i  g wi l l i ng ,  w e  w i l l  add 

t o  our research  c e n t e r  r o s t e r  i n  m i  -March t h e  Huntsvil le,  

Alabama group under t h e  d i r e c t i o n  o Dr. Wernher von Braun. 

- I . .  . . ....-.. ." . .. _._.._I . .... .. I .. . . . ... . . . . , . .  . -.. . " _ .  ....... 



June 30, 1960, we w i l l  employ than 15,000 people 

i n  t h e  governmcnt-operated cente  

Laboratory coniplement of ab le  pe 

t o  t h a t  t o t a l .  Our budget las t  o t a l l e d  335 mi l l i on  

and t h i s  yea r  the Congress appro 

use.  We a r e  i n  the  middle  of b discussions f o r  t h e  

1961 f i s c a l  year  and I can say 

for the  next f i s c a l  year w i l l  b by a s i g n i f i c a n t  

amount. 

Now as t o  our program--an must compress a two 

hour d iscuss ion  i n t o  a f i v e  m i  

i t  includes research i n  most o 

sciences and i n  c e r t a i n  of t h e  t h e  l i f e  sciences.  

One of the  p r i n c i p a l  ob jec t ive  

i s  the study of t h e  space envi 

of s c i e n t i f i c  experiments u s i n  rockets ,  man-made 

earth sa te l l i t es ,  man-made p l  

I n  t h e  United States, we have e m  space science" 

and a shorthand expression To 

chemistry , b i  o - sc  i enc e, as t ro  -Physics and 

geophysics. A l l  of t hese  spa experiments w i l l  

employ instruments t r anspor t e  

and o u t e r  space. 

t h e  undertaking 

I I  

The NASA objec t ives  include inves t iga t ion  of t h e  

uses  of e a r t h  sa te l l i t es  t o  more e f f i c i e n t l y  and 

e f f e c t i v e l y  some tasks which 

o the r  means and t o  perform which cannot be done 

c a r r i e d  out by the  
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at a].]. with pivzcnt means. The appl 

.::.remising a t  2rrescnt a r e  t h o s e  d i r ec  

observation, analysis, and Porecast i  

t h e  improvement or" long d is tance  r a d  

stixdy of :;he size and shape of  t h e  E 

t r i b u t i o n  of l and  masses and water; 

navi,:-;'c-on, It i s  believed. t h a t  suc 

t o suc c c s :: Pu 1 1" 1". , ?. 'c i on w i 1 1 improve 

mankind e v e r y h e r e .  

NASA program objec t ives ,  presun 

o t h e r  countr ies ,  include, t o c ,  the c 

of' means f o r  the  manned explorat ion 

t o  t he  long-range objec t ive  of  rvnnc 

s o l a r  system a r e  t h e  temporary b&,.Ll: 

i n t o  space and r e tu rn  (a l ready  accor 

manned f l i g h t  f o r  one o r  a Pel;: c i r c i  

veh ic l e  i n  an  o r b i t  wel l  below the 

i 'adiation Belt, manned f l i g h t  i n  ad1 

vehic les ,  i n  l a r g e r  s a t e l l i t e s  car,-: 

permanent manned o r b i t i n g  space l ab (  

f l i g h t  to t h e  v i c i n i t y  of t h e  ~ o o n  i 

and manned l a -  Xng on t h e  moon and : 

NASA's present  p ro jec t  i n  t h i s  

has been repeatedly described in thl 

and t echn ica l  p r e s s .  Its successfu 

t h e  cooperation of s eve ra l  coun t r i e  

i n s t a l l a t i o n  and a s s i s t i n g  i n  the 0: 

t rack ing  radars ,  communication stat 

ca t ions  which seem most 

ed toward weather 

g on a global sca le ;  

o communication; t h e  

r t h  and of t h e  d i s -  

nd al l -weather  global  

app l i ca t ions  brought 

he w e l l  being of 

,bly l i k e  those of  

kderly development 

If space.  En route  

explorat,:i . ) f i  of the 

, t i c  f l i g h t s  of man 

il ished wi th  animals),  

. t s  i n  the  simplest  

:ve l  of t h e  Great 

inced maneuverable 

-ng severa l  men, i n  

?atopies,  manned 

Id r e t u r n  t o  ear th ,  

? turn .  

' i e ld ,  Pro jec t  Mercury, 

international public  

completion requi res  

i n  permit t ing t h e  

? r a t i o n  of po r t ab le  

in s ,  and te lemetry 

. . . .. ... ,. . -  ._.x 



receivin,-, s t a t i o n s  a t  s u i t a b l e  poin.$e along t h e  intended 

course,  Negotlations cu r ren t ly  un r way promise t ha t  this 

cooperation w i l l  be i'orthcoming g 

Even the  first s t eps  in t h e  m o ra t ion  of space 

a r e  very expensive as may be i n f e r  he p re sen t ly  

estimated cos t  of Pro jec t  Mercvi- l l i o n  o r  more. 

The resources required f o r  t h e  adv i o n s  I have 

mentioned may well demand a world- 

Thus this a c t i v i t y  may serve t o  g i  

man's response t o  t h e  challenge t o  

the new f r o n t i e r  of 01 r day. 

In  order  t h a t  the programs j 

ca r r i ed  out a t  an ever-fncreasin 

s c i e n t i f i c  s ign i f icance ,  i t  has 

vehic les  and space propulsion sy 

An ear ly  'cask of NASA, then, was 

of rocket and vehic le  developmen 

Department of Defense. Such a p 

t h e  f l y i n g  of all t h e  desired m i  

number of new rockets  and new v 

count r ies ,  our present  launching 

from rockets  developed i n  t h e  ba 

a v a i l a b l e  smaller  rockets." For  

we so  much r equ i r e  f o r  f u t u r e  m i  

have been s ta r ted  i n  the  Uni ted  

i s  being developed by D r .  von B 

vehicle--a c l u s t e r  of eight exi 

a c a p a b i l i t y  of about one and o 

I_ .I.._ I . ." ." _Î_ . . .. . 1 .. .. . ." . - . . . - .. . ._ . -. . . _. .. .- . . ...... .- 
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of th rus t ,  The second i s  a s i n  chamber rocket engine of 

one and one-half mi l l i on  pounds s t  under development by 

t h e  Rocketdyne Division of Nort r i c a n  Aviation. It i s  

expected that  t h i s  engine can b s t e red  t o  give s ix  

mi l l i on  pounds t h r u s t  or more. 

I n  add i t ion  t o  these  f i r s t  e booster  ?OCkets, 

s eve ra l  upper s t age  rockets  are r development in -  

c luding some using high energy . I n  addi t ion,  nuc lear  

rocke ts  are under development b AEC and NASA along w i t h  

the genera l  app l i ca t ion  of nucl 

power i n  space vehic les .  

nergy f o r  a u x i l i a r y  

Of p a r t i c u l a r  i n t e r e s t  t o  count r ies  may be t h e  

launching veh ic l e  system under opment by NASA and 

known as the  Scout. T h i s  i s  a stage, so l id-propel lan t  

s a t e l l i t e  launching vehic le  t h  1 ca r ry  150 t o  200 

pounds i n t o  an o r b i t  300 miles t h e  earth 's  surface.  

It w i l l  be more economical tha t i n g  vehicles;  hope- 

f u l l y  i t  w i l l  cost; no more tha ,000 per  f i r i n g .  We 

expect t o  use t h i s  vehicle ,  i f  evelopment i s  a success,  

i n  e a r l y  i n t e r n a t i o n a l  coopera 

Now t h e r e  i s  no poin t  i n  t e l l i t e  o r  an 

experiment toward t h e  moon o r  w e  have no 

means of t racking  t h e  space e cqui r ing  from 

it the  information co l l ec t ed  sensors carried 

a l o f t .  Thus w e  have had t o  b of t r ack ing  and 

data acquis i t io i l  s t a t i o n s  tha t  t day covers most of t h e  

globe. Fortunately,  w e  i n h e r i t e  some s t a t i o n s  from t h e  

a c t i v i t i e s  c a r r i e d  on under t h e  n t e rna t iona l  Geophysical 



Year program and thus  were ab le  t 

experiments during the p a s t  yea r  i t h o u t  wai t ing f o r  the 

cons t ruc t ion  of t h e  s t a t i o n s  nece sary t o  complete t h e  net-  

launch a good many use fu l  

work. I 
They have launched t h r e e  successfLll 

deep space probes. One of t hese  

another  landed on the  moon and t h e  

the f a r  s ide of t h e  moon as it wert 

i n i t i a l l y  l inked t h e  moon and t h e  

been said by t h e  Russians about 

o r r  f a i l u r e s ,  as w e l l  as our 

displayed for all the  world t o  see, 

t ha t  t h e i r  space vehic le  system i s  

suggesting tha t  they have f i r e d  it  

than any of t h e  v a r i e t y  of systems 

t o  use  thus  far.  

A s  t o  s c i e n t i f i c  resu l t s  t o  

of knowledgeable s c i e n t i s t s  that  w e  

b e t t e r  than the Russians. They 

spec tacular  technological  accomplishments 

Now, what of t h e  Russian pro  ram? I suspect t h a t  most & 

s a t e l l i t e s  and t h r e e  

row o r b i t s  the  sun, 

t h i r d  photographed 

i n t o  an o r b i t  that  

earth. Nothing has 

t k e i r  f a i l u r e s  whereas 

successes,  are prominently 

But i t  does seem 

highly re l iable ,  

much more f requent ly  

w e  have been forced 

date, it i s  the opinion 

have done as w e l l  o r  

have been able t o  couple 

wi th  u s e f u l  

Df you know more about it than yo do of our own. From 

information given us by a v a r i e t y  of sources - some of 

them Russian, - i t  appears t h a t  t ey have assigned t h e i r  

t op  s c i e n t i s t s  and engineers t o  t i s  new f i e l d ,  They 

possess rockets  t ha t  are estimate t o  be twice as powerful 

as our largest-the A t l a s  i n t e r c o  t i n e n t a l  b a l l i s t i c  missi le .  

_____  . . __ .. 1 .. .. .. . I _- ~ -. - --.- . - .  __."_. . . ._I  . . - 



, c i e n t i f i c  experiments whereas o o re  modest technological  

efforts--because of our lack of able launching vehic les  

of high thrust--have turned up s i g n i f i c a n t  amounts 

of new and important s c i e n t i f i c  

More important t o  the  Sovi t h e i r  s c i e n t i f i c  

achie\ ements, however, has been t they have been 

successi 'ul i n  making t h e i r  spec accomplishments 

appear t o  many nat ions as a va l  t h e i r  sophi s - 
t i c a t i o n  i n  a l l  branches of s c  hnology. More 

recent ly ,  they have been a c t i v e  1 i n  c rea t ing  

the  impression that  t h e i r  ach ie  ce  research 

and explorat ion a r e  a v a l i d  mea 

t h e i r  communist system as compa 

of l i f e .  All i n  a l l ,  t h e  Sovie 

making hay while the sun shines  

luna r  probes.  

Now l e t  me t u r n  t o  t he  m a t  

cooperation as we see  it today. 

reading that sec t ion  of t h e  Spa 

a c t i v i t i e s  that  encourages u s  t 

i n t e r n a t i o n a l  cooperation. An 

Programs was es tab l i shed  by NAS 

p lo ra to ry  t a l k s  were conducted 

na t ions  and a p a t t e r n  f o r  coope 

the b less ing  of the s c i e n t i f i c  

completely occupied w i t h  discus 



- 

from as many count r ies  i n t e r e s t e d  

w i t h  t h e  United S t a t e s  program. 

It might be w e l l  f o r  m e  t o  dl 

a c t i v i t i e s  which may form t h e  bas: 

cooperation and which a r i s e  f r o m .  

research  i n  space. The des i r ab le  

seems t o  me, a r e  exchanges of  scic 

information and data, exchanges 0: 

programs of observation and exper: 

nrograms of space explorat ion,  

Exchange of i n f o m a t i o n  i n  i l  

t h e  exchange of publ ica t ions  and 1 

s c i e n t i f i c  meetings. In  the spact 

during t h e  ICY i t  was found desir: 

on t h e  planning of experiments, tc 

launchings, e a r l y  information on ( 

as would permit p a r t i c i p a t i o n  of ( 

s c i e n t i f i c  value.  It i s  t h e  d e s i i  

progress  toward the complete re-e: 

procedures. 

It has been remarked e a r l i e r  

a new s c i e n t i f i c  d i s c i p l i n e  but c( 

t o o l s  of experimentation by t r a i n €  

geophysics, astronomy and s i m i l a r  

exchange of s c i e n t i s t s  between cot 

rapid t r a n s f e r  of the new techniqt 

p l i shed  by publ ica t ions  o r  present 

- _I_ . 

IS - 

i n  a s soc ia t ing  themselves 

s c r i b e  t o  you some of the  

s f o r  i n t e r n a t i o n a l  

he g loba l  nature  of 

types of a c t i v i t y ,  i t  

n t i f i c  and technica l  

s c i e n t i s t s ,  coordinated 

mentation, and cooperative 

s usual  form c o n s i s t s  of 

he holding of i n t e r n a t i o n a l  

a c t i v i t i e s  i n i t i a t e d  

b l e  t o  exchange information 

g ive  prompt m t i c e  of 

rbits, and such o the r  data 

them i n  observations of 

e of t h e  United S t a t e s  t o  

tablishment of t hese  

that space science i s  not  

nprises t h e  use of new 

3 s c i e n t i s t s  i n  physics,  

2stablished f i e l d s .  The 

n t r i e s  permits a more 

2s than can be accom- 

ztion of papers.  NASA 

.. . , .I___ ..... . I ~.. .- . . . . _”._ 
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has es tab l i shed  a few fel lowships  a 

of o the r  count r ies  and has provided 

t o  a f e w  guest  s c i e n t i s t s ,  Exchang 

t o  providing t r a i n i n g  i n  new techni  

subs tan t ive  p a r t i c i p a t i o n  of s e n i o r  

programs. 

It i s  obviously des i r ab le  t h a t  

the  space f i e l d  be coordinated t o  a 

anc? t o  p ~ ,  .Tide t h e  enhanced inc reas  

f rom coordinated e f f o r t s .  Thiscooi 

under the non-governmental i n t e r n a t  

IGY ( C S A G I )  and w e  look forward t o  

on a more permanent basis of t he  Co 

t o  continue coordination of bas ic  s 

space f i e l d .  There i s  need f o r  coo 

planning, and i n  t h e  execution of c 

A c t i v i t i e s  i n  t h e  t racking  of satel  

recept ion of telemetered data, i n  r 

atmosphere aRd ionosphere by means 

launched simultaneously i n  various 

inves t iga t ion  of t h e  ionosphere by 

from s a t e l l i t i e s ,  and i n  laboratory 

i n  areas supporting space a c t i v i t i c  

areas i n  which i n t e r n a t i o n a l  coordi 

productive.  

a i l a b l e  t o  s c i e n t i s t s  

research opportumities 

of s c i e n t i s t s  i n  addi, ion 

ues may a l so  be used for 

s c i e n t i s t s  i n  cooperative 

na t iona l  programs i n  

oid undesired dupl ica t ion  

i n  knowledge that comes 

i inat ion was well done 

onal committee for t h e  

he e a r l y  establishment 

mi t tee  on Space Research 

l e n t i f i c  research i n  t h e  

d ina t ion  i n  program 

r t a i n  programs, 

i t e s  and i n  the  

search on t h e  upper 

f sounding rockets  

larts of t h e  world, i n  

bservat ion of rad io  s igna l  

and t h e o r e t i c a l  research 

are  examples of' program 

lation would be nost 
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The irltiiiiate s tep  i n  l internat 1 cooperation is j o i n t  

p a r t i c i p a t i o n  i n  a s i n g l e  progi7a.m 

s c i e n t i s t s  of two o r  more count r ie  the des ign  Of' ex- 

perimentz and i n  t h e  prepara t ion  o 

s a t e l l i t e s ,  and space probes. As 

a r e  under eay between NASA s c i e n t i  and t h e i r  c o l l e a w e s  

1: ,.'Jm o the r  count r ies  with t h e  v i e  beginning a c t i v i t i e s  

of t h i s  type.  

p a r t i c i p a t i o n  of 

A s  a mat ter  of f a c t ,  t h e  i n t  i ona l  cha rac t e r  of 

cooperative space a c t i v i t i e s  i n  I ~e a r e  engaged is 

already b road .  Our rad io  and op t racking  network i s  

composed of s t a t i o n s  located i n ,  

s c l e n t i s t s  and technicians of ,  A na, Austral ia ,  Chile,  

Ecuador, India ,  I ran,  Peru, Spai South Africa.  Othe1- 

cooperating s t a t i o n s  are s i t u a t e  

and Japan. The new P r o j e c t  Merc 

expanc! t h i s  list t o  include a d d i  

South and i n  Africa,  along the  p o r b i t  of t h e  manned 

capsule.  

count r ies  to t h e  

Beyond t h i s ,  t e n t a t i v e  arr  t s  for s u b s t a n t i a l  

proGrams of J o i n t  explorat ion o 

have already been made wi th  t h e  

Additional cooperative programs 

number of Pac i f i c  and European 

These are subs tan t ive  proposals 

make its own s c i e n t i f i c  and t e c  

Kingdom and Canada. 
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A s  an evidence of our i n t e r e s t  

cooperation, we would be most happy 

t r u l y  J o i n t  e f f o r t  toward mutually +greed objec t ives .  The 

i n  i n t e r n a t i o n a l  

t o  o f f e r  t h e  serv ices  

prepara t ion  and execution of these  hrograrns w i l l  not be 

manned space f l i g h t  program. Data 

t ransmit ted i n  i t s  raw s t a t e  t o  t h e  

i n  Moscow, A precedent f o r  t h i s  so:% 

es tab l i shed  i n  t h e  I G Y  operat ion when 

supplied,  t o  the Soviet  s c i e n t i s t s ,  

sone 1.16 t ape  recordings o f  Sputnik 

accomplished i n  a few weeks, o r  eve months, but t h e  achieve- 

ment of  t h e i r  object ives ,  w i t h  t h e  t tendant  s c i e n t i f i c  

interchange, w i l l  enr ich  a l l .  f 
could be acquired and 

Academy of Sciences 

of t h ing  has been 

t h e  United S t a t e s  

as of J u l y  1959, 

T, I1 and 111. Should 

of o u r  t racking network i n  support  f the  s c i e n t i s t s  of 

t h e  Soviet  Union when and i f  that n f t i o n  undertakes a 

spec ia l  recording o r  da t a  read-out quipment be required,  

I am s u r e  t h a t  we would be happy t o  provide them o r  t o  t 
u t i l i z e  equipment furnished by t h e  ov ie t  s c i e n t i s t s .  I n  

such a cooperative venture we could help them to keei. i r  

continuous o r  e s s e n t i a l l y  continuou f contact  with t h e i r  

as t ronaut .  I 
Ladies and gentlemen, it has b en my l o t  t o  be 

assoc ia ted  with exc i t i ng  new ven tu r  s throughout most 

of m y  l i f e .  As  I look back over t h  I years ,  i t  i L . e i n ~  

t h a t  I have been happiest  and have orked most d i l i g e n t l y  + 
when t h e  a c t i v i t y  i n  which I was en aged had a v i t a l  r o l e  

t o  play i n  t h e  affairs of men. Thu my as soc ia t ion  

. .. . . , . . . . ..- .lî  . . " ._ .. - . . . . . ... . ._ . . . .. . . . .. ~ . ~ .  . ._.I_ .. 4 . .  



. '  - 15 

w i t h  t he  Atomic Energy Commission w 

I was convinced, ear ly  i n  t h a t  asso 

weapons strength was t h e  one mosf p 

i n i t i a t i o n  of a shooting war by ano 

1 f i n d  myself i n  t h i s  exc i t ing ,  dif 

f i e l d  of space research. To me, on 

i s  t h c  o2portunity i t  o f f e r s  f o r  t h  

p r o g r m  of i n t e r n a t i o n a l  cooperat io  

technology necessary t o  t h e  explora 

A.fter a l l ,  science i s  t r u l y  an 

lar,guage. And space i s  an a l l  perv 

of challenge f o r  anyone who possess 

energy t o  attempt t h e  so lu t ion  of i 

"To explore space t o  ga in  know 

universe  i n  which man l i v e s ;  t o  exp 

demonstration of  nis mastery of adv 

open space t o  h i s  own t r a v e l  to sat  

and experience for himself;  to expl 

space technology t o  improve world-w 

and weather fo recas t ing  -- a l l  of t 

as i n  a mir ror  t h e  d e s i r e s  of men e 

Out of t h e  e f f o r t s  of t h e  d e d i  

of a l l  na t ions  may y e t  come t h a t  co 

mutual t r u s t  that w i l l  break the l o  

d i s t r u s t  t h a t  divides  the  world i n t  

Whatever t h e  outcome, we cannot f'ai 

Thank you. 

NASA Release No. 59-264 
I - I I  . - 

s important t o  me because 

i a t i o n ,  t h a t  our  nuclear 

werful d e t e r r e n t  t o  t h e  

h e r  g rea t  power. Now 

i c u l t  and important 

of  its g r e a t e s t  appeals 

development of a sound 

i n  t h e  science and 

ion of o u t e r  space.  

i n t e r n a t i o n a l  

s i v e  arena wi.th p len ty  

s the  c u r i o s i t y  and 

s mysteries.  

edge of t h e  physical  

ore  space a s  a 

nced technology; to 

sfy h i s  d e s i r e  to see 

r e  app l i ca t ions  of  

de  communications 

ese a i m s  r e f l e c t  
11 erywhere. 

ated and in sp i r ed  men 

mon understanding and 

k step of suspicion and 

separate camps today. 

t o  make the e f f o r t .  



NATIONAL AERONAUTICS SPACE AOMlNlSTRATlON 

Gen. Ostrander w i l l  j o i n  NASA 

January 1 a s  Director  of Launch 

"We a re  es tab l i shfng  t h e  rocke.5 

OUT expanding programs, ' I  s a i d  NASA 

"For t h i s  j ob ,  w e  a r e  p a r t i c u l a r l y  

t h e  spec ia l  t a l e n t s  of Don Ostrandey." 

NASA RELEASE NO. 59-270 
DU. 2-6325 

3n A i r  Force assLgnmer.% about 

Vehicle Programs. 

development group because of 

A d m i n i s t r a t o r  T ,  Keith Glennan. 

pleased t o  be ab le  t o  Call on 

For Imme df a-c e R e  l eas  e 
December 8, 1959 

The new post c r ea t e s  a f o u r t h  

qua r t e r s  organization. Other p r inc ipa l  

t r a t i o n ,  Aeronautical  and Space 

ment. The new d iv i s ion  w i l l  mean 

l a t t e r  t w o  groups. 

The Space F l i g h t  Development 

s t e i n ,  w i l l  have r e s p o n s i b i l i t y  for 

The National Aeronautics and S ace Administration 9s s e t t i n g  

up a new headquarters u n i t  f o r  rock t vehicle  development. It will 

:najor u n i t  i n  t h e  NASA head- 

o f f  i c e s  a r e  Business A d r ~ i i r i i s -  

Research, and Space F l igh t  Develop- 

s3me reorganizat ion w i t h i n  t h e  

team, headed by D r .  Abe S i lve r -  

space c r a f t  design and con- 

be headed by A i r  Force Maj. Gen. Doh R.  Ostrander, ncx deputy 

d i r e c t o r  of t h e  Advanced Research Pkojects Agency. 

s t r u c t i o n ,  mission planning and in-p l igh t  research and operat ions.  

The Aeronautical  and Space R e s  arch group, d i r e c t e d  by I r a  

H. Abbott, has charge of advanced r search i n  aeronaut ica l  and space 

a reas .  

. . - .. . . . . . . . . . ._ .- .. . .. ^ _ .  ..... ~ . . ..__I_ ". . . . -. . , . , ,,. . I . __ . . 
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Gen. Ostrander 's  group will be i n  charge of NASA booster  

production i n  Par is .  Befare t h a t ,  hl 

development and rocket launching 

team of the Development Operations 

Missi le  Agency, a t  Huntsvil le,  Ala., 

t r a n s f e r  t o  NASA. 

Gen. Ostrander, who is 45, has 

ARPA s ince  October. A 133'7 graduate 

Academy, he has had a pa r t  i n  t h e  d 

Force missile programs over the  pas t  

H e  moved i n t o  t h e  ARPA post a f t e r  

a s s i s t a n t  t o  the  NATO a s s i s t a n t  

adminis t ra t ive p o s t s  within the A i r  

ment Colnrnand going back t o  1951, wor 

m i s s i l e  programs 

He was promoted t o  br igadier  ge 

got  h i s  second s t a r  i n  March, 1958. 

During World War 11, he served , 

o f f i c e r  with t h e  Eighth Air Force I n  

I n  t h i s  ro l e ,  he helped modify the  P 

a Norden bombsight and bonibadier. II 

Legion of Merit with c l u s t e r .  

He was born i n  Stockbridge, Micl 

and studied engineering a t  Western S' 

enter ing  West P o i n t .  

opchrations, including t h e  Saturn 

IDivisfon, Army B a l l i s t i c s  

on implementation of its 

served as ac t ing  d i r e c t o r  of 

of the United S t a t e s  Mi l i ta ry  

rec t ion  of a number of A i r  

15 years.  

more than a y e a r ' s  duty as 

secyetary general. f o r  guided m i s s i l e  

held a va r i e ty  of 

orce A i r  Research and Develop- 

ing on weapons systems and 

era1 i n  October, 1954, and 

s ordnance and annarrent 

3rceptor Cornland i n  England. 

38 a i rp lane  t o  accorrmodate 

5 decorations include t h e  

., attended l o c a l  schools 

2te College, Mich. , before 

,. _ _  ..._.... -.. , . . . . - . -. . . . - ._. .. __ - . . ..I. . . 
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Nrs. Ostrander i s  t h e  former 

Texas. They l i v e  i n  Alexandria, 1 

Fary Frances, 10; Don, 9, and Sal1 

- ZNI 

ranees Ann Dunn of  E l  Paso, 

., and have thrce ch i ldren :  

Ann, ' i '. 
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It is a r e a l  p r iv i lege ,  a s  well 

audience such a s  t h i s  about our 

exploration. I doubt t h a t  i t  i s  

t h a t  is  more broadly 

Industry contr ibut ing 

I n d u s t r i a l  Association, 

We a t  NASA have a deep conviction1 tha t  everything we are 

doing serves  the  secu r i ty  i n t e r e s t s  of our nation. So I 

n a t u r a l l y  hope t h a t  you construe the  t r m  "securi ty"  i n  the  t i t l e  

of your organization broadly enough t o  include the  mission of our 
I *  I I 

agencyI I n  f a c t ,  during the  past  your Association has l e f t  

no doubt about i t s  i n t e r e s t  i n  one ur problems with which I 

am personal ly  very much concerned -d N SA'S patent  po l ic ies .  

A s  you knowo our bas ic  law, the N t i ona l  Aeronautics 

and Space Act of 1958, contains cert;al provisions making 

it necessary for NASA t o  dea l  with con i r a c t o r s  i n  patent  

~ . . .. . _. . .". . . . I . .  - ,  



matters on an  e s s e n t i a l l y  d i f fe r  n t  basis f r o m  the D e -  l= 
partment of Defense. The develo ment of policies and P 
procedures t o  ca r ry  ou t  these  p r  v i s ions  i n  t h e  law has 

required t h e  breaking of much ne ground i n  a very complex 

f i e l d .  The assistance which we e ave received from i n -  

dus t ry  and the pa ten t  bar has be n invaluable t o  u s  during e 
th i s  period. Members of your A s  o c i a t i o n  have contr ibuted 

g r e a t l y  with advice which w e  hav f e l t  t o  be genera l ly  

f a i r  and ob jec t ive  on a subjec t  h ich ,  a year  ago, had 1 
caused q u i t e  a few emotional ou t  

We have recent ly  proposed t t h a t  t h i s  

po r t ion  of our l a w  be replaced bb a new sec t ion  giving 

NASA broad au tho r i ty  t o  develop Latent  provis ions f o r  use 

i n  i ts  con t r ac t s  w h i c h  w i l l  both1 serve  the publ ic  i n -  

terest and p r o t e c t  the e q u i t i e s  bf cont rac tors .  J u s t  

l a s t  Saturday a subcommittee of he House Committee on it 
Science and Astronautics complet d a week of hear ings 

on our pa t en t  l e g i s l a t i o n  propos Is a t  which a l a rge  nun- 

ber of nongovernment witnesses t 

But t o  g e t  back to this mat which is 

the  p r i m e  concern of your A s s o c i  

abundant t h a t  both the  Congress 

2 I 
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NASA and i t s  mission as being irr/portant t o  the na t iona l  

The f i e l d  of procurement l a w  

dence of Congress' recogni t ion 

much l i ke  that  of the Department 

that  e s t ab l i shed  NASA a l s o  amended 

Procurement A c t  t o  make it 

NASA. In  fac t ,  it applies only 

fense ,  the m i l i t a r y  departments, 

NASA. Since NASA is sub jec t  t o  

law just as are t h e  military 

s u b s t a n t i a l  d i f fe rences  between 

The National Aeronautics d Space A c t  of 1958 

e A c t ,  w h i c h  e s t ab l i shed  

s e c u r i t y  . 

itself emphasizes t h i s  f a c t .  

provides f u r t h e r  ev i -  

tha t  N A S A ' s  s t a t u s  is  very 

of Defense. The A c t  

the Armed Services 

s p e c i f i c a l l y  appl icable  t o  

t o  the Department of De- 

the Coast Guard, and 

the provis ions of tha t  

se rv i ces ,  t h e r e  are few 

the legal procurement 

NASA, contains  two important de l a r a t i o n s  of na t iona l  

po l icy  a t  i t s  very beginning: i rst ,  " that  it is the 

pol icy  of the United States that/ a c t i v i t i e s  i n  space 

should be devoted t o  peaceful  pdrposes f o r  the b e n e f i t  

of a l l  mankind," and second, "th/at the general  welfare 

and s e c u r i t y  of the United Stat  s requi re  tha t  adequate 

provis ion be m a d e  f o r  aeronaut i  a1 and space a c t i v i t i e s . "  

3 I 
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a u t h o r i t y  of NASA and t h e  Dep rtment of Defense. One of 4 
t h e  f i rs t  publ ic  announcements 

after NASA was es t ab l i shed  w a s  

procurement procedures would 

way t o  t h e  A r m e d  Services 

made by the Administrator 

t o  t h e  e f f e c t  tha t  NASA's 

c;onform i n  every practicable 

Procurement Regulations. Thus 

indus t ry  w a s  given t h e  assurarce  

of our operat ions t h a t  it wou1.d 

quainted w i t h  an  e n t i r e l y  new 

t i o n s  i n  order t o  do business 

Several  Executive Orders 

emphasize NASA's p o s i t i o n  as n agency important t o  the 

na t iona l  s ecu r i ty .  An exampl is the Executive O r d e r  

w h i c h  gave NASA the  so-called V-loan a u t h o r i t y  t o  guarantee 

a t  t h e  very beginning 

not  have t o  become ac- 

set of procurement regula- 

w i t h  t h i s  new agency. 

have a l s o  been issued which 

loans t o  Government cont rac t0  s .  The Defense Production 

A c t  s p e c i f i c a l l y  names the m i  i t a r y  departments and the  t 
Department of Commerce as 

also author izes  the President 

agencies which are engaged i n  

defense t o  exe rc i se  t h i s  

necessary t o  expedi te  product:lon 

under Government con t r ac t s  fo:r 

o r  the performance of service$ 

"gudranteeing agencies ,  'I bu t  it 

t o  designate  a d d i t i o n a l  

procurement f o r  the na t iona l  

authcbrity when "deemed . . . 
and d e l i v e r i e s  o r  se rv ices  

t h e  procurement of materials 

for the na t iona l  defense. '  



.. 

I n  add i t ion ,  NASA posses! 

t i o n  a u t h o r i t y  under the Defei 

Executive O r d e r  and delegat io]  

thereunder.  Under t h i s  autho: 

manned satel l i te  p r o j e c t ,  has 

na t iona l  p r i o r i t y ,  r i g h t  alonc 

programs of t h e  Department of 

A l l  of t hese  l e g a l  a c t i o ]  

and t h e  Congress, recognize t l  

t h e  na t iona l  s e c u r i t y .  In ou: 

of NASA is  designed t o  enhancc 

the United States and, i n  the 

ta te  and promote the na t iona l  

Now l e t ' s  look a t  the otl 

Congress has declared "that i- 

United States tha t  a c t i v i t i e s  

t o  peaceful purposes fo r  the : 

In  fur therance  of th i s  end, t l  

c i v i l i a n  agency, the National 

min i s t r a t ion ,  t o  be given res: 

n a t i o n ' s  space a c t i v i t i e s  excc 

" a c t i v i t i e s  pecu l i a r  t o  o r  pr 

5 

3s pr ior i t ies  and alloca- 

3 8  Production A c t  and the 

3 w h i c h  have been issued 

i t y ,  Pro jec t  Mercury, our 

s e n  assigned the highest 

with the bal l is t ic  m i s s i l e  

Defense. 

5 ,  both by the President  

3 importance of NASA t o  

view, the e n t i r e  program 

t h e  s e c u r i t y  i n t e r e s t s  of 

3eepest sense,  does fac i l i -  

lef ense . 
3r side of the coin.  The 

i s  t h e  pol icy  of the 

i n  space should be devoted 

s n e f i t  of a l l  mankind." 

2 Congress established a 

Aeronautics and Space Ad- 

m s i b i l i t y  f o r  a l l  of t h e  

p t ,  i n  t h e  t e r m s  of the A c t ,  

na r i ly  a s soc ia t ed  with t h e  

.. .- . . ._ . . . . . . . , - , . .. - ... - .. . . . . . .  



development of weapons systems, 

t h e  defense of the United Statjes, 

s p o n s i b i l i t y  of the Department: 

of a c i v i l i a n  agency f o r  t h i s  

m i l i t a r y  operat ions,  o r  

'I which remain the re- 

of Defense. The c rea t ion  

purpose w a s  a l e g i s l a t i v e  

. - . . -. . . .. . 1. .. . . . . . . . . . . .. . . .- -. . . . .. .. .. 

a c t  having the most profound 

was t o  be c l e a r l y  understood 

t o  emphasize a c t i v i t i e s  i n  space 

than m i l i t a r y ,  purposes. 

What, then, is  the  missicn 

agency? The National Aeronautics 

d i r e c t s  t h a t  NASA s h a l l  "plan,  

n a u t i c a l  and space a c t i v i t i e s , "  

give th i s  t e r m  "aeronaut ical  

th ree-par t  d e f i n i t i o n .  These 

and t h e  so lu t ion  o f ,  problems 

side the e a r t h ' s  atmosphere:" 

cons t ruc t ion ,  t e s t i n g ,  and 

of aeronaut ica l  and space 

o ther  a c t i v i t i e s  a s  may be 

of space." The f irst  two, 

f l i g h t  and the development and 

and space vehic les  f o r  research 

:.mplicationst henceforth it 

t h a t  it was na t iona l  po l icy  

f o r  c i v i l i a n ,  rather 

of th i s  new c i v i l i a n  

and Space Act of 1958 

d i r e c t ,  and conduct aero-  

and then it proceeds t o  

and space a c t i v i t i e s "  a 

a r e ,  f i rs t ,  "research i n t o ,  

of f l i g h t  wi th in  and out-  

second, " the development, 

opera t ion  f o r  research purposes 

vehicles:  'I and t h i r d ,  "such 

required f o r  t h e  explora t ion  

research  i n t o  problems of 

opera t ion  of aeronaut ica l  

purposes, a r e  c e r t a i n l y  



not  new, nor are they unique 

v isory  Committee f o r  Aeronautxs  

w e r e  deeply engaged i n  such 

NASA w a s  established. But  the 

o the r  a c t i v i t i e s  a s  may be 

of space ,"  p r o j e c t s  u s  i n t o  aq 

to NASA. The National Ad- 

and the  armed serv ices  

act ivi t ies  f o r  years  before  

t h i rd  of these, "such 

required f o r  the  explora t ion  

e n t i r e l y  new dimension of 

na t ion  is t o  the armed And, I repea t ,  it is a 

mission of v i t a l  s e c u r i t y  i n t e r e s t s  of 

H e r e  I th ink  t o  t r y  t o  c l e a r  up 

some confusion what is f requent ly  

referred t o  as This program 

should more 

the  United States. 

human a c t i v i t y .  The explora t ion  

t i m e  i n  t he  long h i s t o r y  of 

been wr i t t en  i n t o  a l a w .  It 

world -- a t  least the l e g a l  

w i l l  never be q u i t e  the  same 

The explora t ion  of space,  

mission, and it is  a mission 

exc lus ive ly  responsible  under 

j u s t  as unique t o  NASA as the 

- .  " . .. . I_ . - . . -  l . . . . . .  ... - . 

of space! For the  f i r s t  

l a g i s l a t i o n  these  words have 

:.s sa fe  t o  p red ic t  that t h e  

w c r l d  I can assure you -- 
again.  

then,  is  NASA's s p e c i f i c  

For which it is s o l e l y  and 

the law. This is a mission 

m i l i t a r y  defense of the 



explora t ion  program. It is a 

terms of t h e  l a w  governing NAI 

a c t i v i t i e s  designed t o  furthei 

It is a program f o r  which NASi 

And it is a program which doe! 

uses  of space. 

For the armed se rv ices ,  ! 

program a t  a l l ,  b u t  j u s t  anotl 

func t ions  can be performed fo: 

The m i l i t a r y  u t i l i z a t i o n  of SI 

development e f f o r t  d i r ec t ed  t c  

parts of t he  t o t a l  defense prc 

Mi l i ta ry  space p ro jec t s  are UI 

m i l i t a r y  requirements, and thc 

i n  the m i l i t a r y  budget w i t h  a. 

vent ional ,  means of accomplis1 

objec t ives .  For the m i l i t a r y  

a l l  th ings  considered, the  mo: 

resources  t o  achieve the best 

The m i l i t a r y  has  no obl igat ioi  

p a r t  of i ts  miss ion  i n  space 1 

8 
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program cons is t ing ,  i n  t he  

A ' s  operat ions,  of a l l  

the  explora t ion  of space. 

i s  d i r e c t l y  responsible .  

not  embrace t h e  m i l i t a r y  

pace is properly not a 

e r  p lace  where m i l i t a r y  

the  defense of the  nat ion.  

ace,  and the research and 

ward t h a t  end, a r e  i n t e g r a l  

gram of the  uni ted States. 

dertaken only t o  m e e t  

y presumably must  compete 

t e r n a t i v e ,  and more con- 

ing the same m i l i t a r y  

the test must be: is  it, 

t prudent way t o  expend our 

defense of the na t ion?  

whatsoever t o  perform any 

erely because space is t h e r e ,  

.... ." ~ . .. . . __ .. -I - . . . . - , . . , . -. . .. ___ 



and man now, f o r  the f irst  t: 

accessible. 

NASA, on the  o t h e r  hand, 

t o  p lan ,  d i r e c t ,  and conduct 

required f o r  the explora t ion  

of space has t h u s  become a ki 

end t o  be pursued without ha\ 

r e l a t i o n  t o  the defense of t k  

b e n e f i t s  which may poss ib ly  f 

The exp lo ra t ion  of space 

of expanding man's knowledge 

by the  conduct of sc ien t i f ic  

by observat ion through t h e  u s  

equipped with t h e  most ingeni  

v i se .  B u t  it doesn ' t  s t o p  t h  

t i a l l y ,  it means the sending 

It is  the prospect of man esc 

environment t ha t  makes the wh 

c i t i n g  e n t e r p r i s e  of our age. 

being pro jec ted  i n t o  a t o t a l l :  

i n  o r b i t  about the earth, o r  , 

on the moon, o r  preparing t o  

9 

ne i n  h i s t o r y ,  f i n d s  it 

has been d i r e c t e d  by law 

;uch a c t i v i t i e s  as may be 

)f space. The explora t ion  

id of end i n  itself -- an 

.ng t o  j u s t i f y  it either i n  

I nat ion  o r  the economic 

.ow from it. 

comprehends a l l  the means 

f t he  space environment -- 
xperiments i n  space,  and 

of unmanned vehic les  

u s  instruments man can de- 

re. Ultimately,  and essen- 

f man h i m s e l f  i n t o  space. 

ping from h i s  e a r t h l y  

l e  business  t h e  most ex- 

It is the thought of man 

a l i e n  environment, whether 

tanding f o r  t h e  first t i m e  

2nd on another  p l a n e t ,  



t h a t  s t i m u l a t e s  the human imagir 

s t i m u l a t e d  it s ince  the first da 

half  century ago. 

If w e  bear these considerat  

can see more c l e a r l y  where w e  ax 

why w e  are going there. I thin1 

understand better t h e  shape and 

of our space explora t ion  progran 

Our program ul t imate ly  is c 

s ire of s c i e n t i s t s  t o  invest igat  

s tudy the g r e a t  r a d i a t i o n  belts, 

t i o n ,  o r  t o  make more p rec i se  mt 

of the e a r t h ,  praiseworthy as tl 

may be. Neither w i l l  it Se detc 

of economic b e n e f i t s  such as im] 

and world-wide communications t l  

systems, although these, toc, a! 

In t h e  f irst  case,  a purely sc i t  

would not  m e r i t  more than a s m a .  

space expenditures i f  it had t o  

a l l  o t h e r  s c i e n t i f i c  programs wl 

importantly en larg ing  t h e  borde: 

10 

rtion as nothing else has 

’ s  of powered f l i g h t  a 

.ons i n  mind, I th ink  w e  

2 going i n  space and 

too ,  tha t  w e  w i l l  

:ontent and dimensions 

:tearmined not  by the  de- 

: t h e  ionosphere, t o  

t o  observe cosmic rad ia-  

isurements of t h e  shape 

3se s c i e n t i f i c  a c t i v i t i e s  

mined by the prospects  

roved weather f o r e c a s t i n g  

couc$-i t h e  use  of sa te l l i t e  

2 highly desirable goals .  

z t  i f  i c  space program 

L f r a c t i o n  of our t o t a l  

zompete f o r  funds w i t h  

ich hold promise of 

3 of human knowledge. 

_. . . . . . l_l_ .. . ._ . .. .I . . .. . ... .._^___ 



In  t h e  second case ,  a program de! 

economic b e n e f i t s  ought t o  be co: 

of t h e  r a t i o  of probable benef i t !  

f o r e  expending l a rge  sums of m o m  

today has been bold enough, o r  w. 

p r ed ic t ions  t ha t  the c o s t  of the 

t i o n  program w i l l  be returned t o  

form of u t i l i t a r i a n  appl ica t ions  

space p r o j e c t s  must face the com] 

means of accomplishing t h e  m i l i t ;  

the development of a communicatic 

j u s t i f i a b l e  i n  economic t e r m s .  ' 

every e f for t  t o  der ive  such bene: 

gram a t  minimum add i t iona l  c o s t ,  

clear that  w e  would not be t a lk i i  

nancing any of these  th ings  w e r e  

r i d i n g  demands of space explora t  

p l o r a t i o n  is bound t o  have numerc 

payoffs ,  bu t  these are not the r( 

with urgency. 

Where are w e  going i n  space 

engineers have t o l d  us  t h a t  t h e n  

11 

igned s o l e l y  t o  achieve 

3ly calculated i n  t e r m s  

t o  proba'ule c o s t s  be- 

1 on it: and no one 

;e enough, t o  make s o l i d  

l a t i o n ' s  space explora- 

the taxpayers i n  t h e  

J u s t  as t h e  m i l i t a r y  

? t i t i o n  of a l t e r n a t i v e  

ry task, so should 

n sa t e l l i t e  system be 

3 are, of course,  making 

its from our s p c e  pro- 

wt  it s e e m s  abundantly 

3 se r ious ly  about f i -  

it not  f o r  the over- 

3n i t se l f .  Space ex- 

JS and unpredictable  

%son f o r  pursuing it 

Our scient is ts  and 

are no insurmountable 



s c i e n t i f i c  o r  technica l  barrier 

round t r i p  t o  the moon i n  anoth 

sending a manned expedi t ion t o  

These are the present ly  foresee 

p lo ra t ion  i n  our t ime, and thes  

entire program and determine i t  

i n  Eact, a l ready  determining i t  

manned-satel l i te  p r o j e c t ,  has IC 

nat iona l  p r i o r i t y .  Vhy? Certa  

purely s c i e n t i f i c  data w h i c h  wi 

pro jec t  -- su re ly  not because o 

economic benefits  f r o m  it. N o ,  

because of the r o l e  of man i n  t 

mendous promise it holds of giv 

grasp on t h e  endless  ladder of 

r e tu rns  t o  e a r t h  after circumna 

t i m e s  i n  four-and-a-half hours 

lunch we  might say -- a new epo 

w i l l  have begun: and everyone, 

the most soph i s t i ca t ed ,  w i l l  kn  

Pro jec t  Mercury is NASA's 

today. Of our t o t a l  budget f o r  

12 

t o  sending a man on a 

t e n  years  o r  so, o r  t o  

rs during the  1970's. 

le goals  of space ex- 

goals w i l l  shape our 

dimensions. They are, 

Pro jec t  Mercury, our 

n assigned the h ighes t  

ly not because of the  
8 

r e s u l t  f rom t h i s  

the prospect  of achieving 

t is simply and purely 

t p r o j e c t ,  and the  tre- 

3 him h i s  f i r s t  f i r m  

ace .  When the  first man 

gat ing the  globe th ree  

between breakfas t  and 

i n  the human adventure 

3rn the s imples t  t o  

it. 

Jgest single effort 

lis f i s c a l  year ,  about 

,,_II_̂"Ix" , ., , _ _  . I . .... ~ ,... . . ._ . .. .". . . . . .. .- . - . . . .. ^_ . .- . ... 



15 per cent  is  being expended on  

c o s t s  of t h e  p ro jec t  over a 4-year 

run around $350,000,000. 

A s  you know, Project  Mercury 

ICBM booster  t o  place a manned 

a ton,  i n  o r b i t  a t  an a l t i t u d e  

100 m i l e s  above t h e  earth. This 

c a p a b i l i t y  fo r  manned space f l i g h t  

a v a i l a b l e  boosters  developed i n  

programs. But the needs of space 

do not s t o p  there. The next 

f l i g h t s  around the moon -- 
vernacular of t h e  space exper t s  

l ishment of permanent near-earth 

f o r  human occupancy. Such 

having a t h r u s t  of about a 

or roughly fou r  t i m e s  the t h r u s t  

H e r e  is where Saturn comes 

ceived, Saturn involves t h e  

g ines ,  of t h e  type used i n  t h e  

t o  produce t h i s  amount of t h r u s t  

Various combinations of second 

._ ._  " * 4 . . . . .. . .. . . . . . .- I . . - . _ _  . . . .- . . . -.I- _ .  . . --. -. ._. . . . .~ 

t h i s  p ro j ec t .  The t o t a l  

per iod are l i k e l y  t o  

relies on t h e  A t l a s  

capsule,  weighing about 

s l i g h t l y  i n  excess of 

i s  t h e  l i m i t  of our 

using p resen t ly  

the m i l i t a r y  m i s s i l e  

explora t ion  obviously 

s t e p  now appears t o  be manned 

circumlunar f l i g h t s ,  i n  t h e  

-- and perhaps t h e  estab- 

space s t a t i o n s  s u i t a b l e  

ventures w i l l  r equi re  boos te rs  

million-and-a-half pounds -- 
of the A t l a s .  

in .  As presen t ly  con- 

c l v s t e r i n g  of e i g h t  IRBM en- 

Thor and Jupiter missiles, 

i n  the  take-off s tage .  

and t h i r d  s t ages  w i l l  



probably be employed i n  the late 

vehic le .  The i n i t i a l  vers ion  sh 

sa te l l i t e  payloads measuring man 

place thousands of pounds of pay 

of the moon. W i t h  the a n t i c i p a t  

Saturn,  it should u l t imate ly  be 

men on a t r i p  around the moon, a 

a satel l i te  o r b i t  about the moor 

t o  earth. 

Saturn,  as you are w e l l  awa 

velopment by the Army Ballistic 

v i l l e ,  Alabama. Less than two n 

announced h i s  in t en t ion  of trans 

Operations Division of that  ager 

This a c t i o n  w i l l  also involve t i  

t o  NASA f o r  continuing the deve: 

P res iden t ' s  announcement made i l  

was designed t o  consol ida te  i n  ( 

velopment of a l l  "super-booster'  

all vehicles of very high thrusl 

the cu r ren t  ba l l i s t i c  missiles i 

development or' the 

u ld  be able t o  put 

' tons  i n t o  o r b i t  and t o  

oad i n  the v i c i n i t y  

!d growth development of 

:amble of sending seve ra l  

id even p lac ing  t h e m  i n  

before  re turn ing  them 

:e, has been under de- 

lissile Agency at Hunts- 

mths ago the President  

:err ing the Development 

:y from the  Army t o  NASA. 

tnsf err ing  r e s p o n s i b i l i t y  

) p e n t  of Saturn.  The 

clear that th i s  a c t i o n  

ie agency, NASA, the de- 

space vehic les ,  meaning 

beyond those based on 

id growth vers ions of 

. . . .. . . - . . . .- . . ._ - - . . . . -. . , .- 



those missiles. T h i s  i s  a mo 

of the importance of space ex 

na t iona l  picture .  The Saturn 

have survived as p a r t  of a m i  

necessary m i l i t a r y  j u s t i f i c a t  

p a r t  of the na t ion ' s  space ex 

move ahead a s  a top p r i o r i t y  

f i s c a l  year,  almost 20 per  ce  

w i l l  be expended on pushing S 

Even so, t h i s  vehic le  system 

a v a i l a b l e  f o r  use u n t i l  t he  1 

The next s t e p  i s  the  dev 

w i l l  enable man t o  l and  on t h  

s a f e l y  t o  ear th .  As the  f i rs  

ment of such a vehic le ,  a con 

American Avia t ion ' s  Rocketdyn 

the  development of the F-1 en 

chamber rocket  engine designe 

a-half pounds of t h r u s t  -- t k :  

of t he  t h r u s t  c rea ted  by the  

1 5  

. . . ". ... .I . *. .... . . . . ...~ 1111 ~. . II . -.". 

L s i g n i f i c a n t  recogni t ion  

Loration i n  the t o t a l  

?reject simply could not  

i tary program, s ince  the  

m was lacking. But as 

lo ra t ion  program, it w i l l  

r o j ec t ,  During the next 

t of NASA's t o t a l  budget 

tu rn  toward completion. 

ill probably not  be 

64-65 period. 

lopment of a vehic le  which 

moon and then r e t u r n  

s t e p  toward the  achieve- 

r a c t  was awarded t o  North 

Division las t  January f o r  

ine.  T h i s  is a single-  

t o  produce a million-and- 

equivalent  i n  one engine 

n t i r e  cluster of engines 



i n  Saturn. By c l u s t e r i n g  th id  monster of an engine, 

and adding upper stages, a 

f o r  the f i rs t  t i m e  w i l l  make 

landing and re turn .  

Both of the vehic les  which 

have o t h e r  uses ,  of course. 

l i f t i n g  c a p a b i l i t i e s  w i l l  pemit 

f u l  payloads f a r  i n t o  space t o  

t h e  moon and nearby p l ane t s  a r d  

e f f e c t i v e  payloads i n t o  o r b i t s  

sun. 

I th ink  I should merition, 

veh ic l e s ,  that  our Administrator, 

announced t h a t  the group whick 

Army a t  Huntsvi l le  w i l l  take 

r e s p o n s i b i l i t y  f o r  the F-1 

dyne. Thus w e  shal l  have 

j o b  of managing the program f o r  

boosters .  '' A t  the Jet Propulsion 

which was t r a n s f e r r e d  t o  NASA 

w e  shall  concentrate  on lunar  

vek:.icle can be produced w h i c h  

Fossible a manned lunar  

I have described w i l l  

Th eir  tremendous weight- 

us t o  place l a rge  use- 

land robot vehic les  on 

t o  place s c i e n t i f i c a l l y  

c lose ly  approaching the 

i n  connection with these 

D r .  Glennan, r ecen t ly  

has come t o  NASA from the 

over t e c h n i c a l  management 

engine development a t  Rocket- 

centered i n  one group the t o t a l  

development of "super- 

Laboratory i n  Pasadena, 

from t h e  Army las t  December, 

and in t e rp l ane ta ry  programs. 



A t  Goddard Space F l igh t  Cente 

a t  Greenbelt, Maryland, we wi 

f o r  e a r t h  sa te l l i t e  programs 

And on Tuesday, D r .  Glennan a 

Major General Don Ostrander t 

Headquarters charged with the 

booster development program. 

With the  planned develol 

equip man t o  explore the  moor 

next decade. During t h i s  per 

research on nuclear and e lec t  

far down the  road toward deve 

methods of propulsion which u 

manned expeditions t o  the nea 

year s . 
The goal of manned fl igl:  

t o  the p lane ts  beyond, w i l l  a 

than any other f ac to r  during 

t o t a l  NASA program i s  being E 

the  cur ren t  f i s c a l  year of $5  

70 per cent  is being expended 

route. I w i s h  I were a t  l i b e  

1 7  

I now under construct ion 

L center  the  r e spons ib i l i t y  

id f o r  Pro jec t  Mercury. 

iounced the appointment of 

head a new un i t  a t  NASA 

nanagement of our e n t i r e  

Snt of vehicles  which w i l l  

we come t o  the  end of the  

Id, i f  we vigorously pursue 

LC rockets, w e  should move 

Ipment of r a d i c a l l y  new 

1 1  enable us t o  plan for 

:r p lane ts  i n  the following 

t o  the  moon, and ul t imately 

iect the NASA program more 

le coming decade. The 

>ported by a budget f o r  

.,OOO,OOO, of which almost 

:hrough the contract ing 

:y t o  d isc lose  the s i z e  of 

.. .- . .. .. . . I . . . . . . ._ . .. .._ . . - . -- 



the budget which w e  w i l l  be p 4 esen t ing  t o  Congress 

s h o r t l y  f o r  f i s c a l  year  1961. ~ Unfortunately, I a m  only 

able t o  say t h a t  it will be cansiderably g r e a t e r  than 

t h i s  y e a r ' s  budget. The c o s t  of a vigorous program of 

space explora t ion  w i l l  i n e v i t  l y  continue t o  grow. 

Is there any real a l t e r n  ive?  It hardly needs t o  

be said t h a t  i f  w e  don ' t  purs with vigor t h e  p re sen t ly  

foreseeable  goa ls  of space ex o r a t i o n ,  there are o the r s  

who w i l l .  Is it conceivable a t  t h e  American people 

w i l l  be content  t o  be onlooke t e n  and twenty years  from 

now while another  na t ion ,  eag t o  s e i z e  a l l  t h e  symbols 

of world leadersh ip ,  triumpha l y  parades before  the 

world the Magellans of space? We cannot f o r g e t  tha t  it 

w a s  only t h r e e  decades ago t h  a young American he ld  t h e  

cen te r  of the whole world 's  s ge by the f i rs t  success- 

f u l  f l i g h t  from New York t o  is: and i n  the following 

yea r s ,  one i n t r e p i d  American t e r  another demonstrated 

i n  the most dramatic fashion e super ior  s k i l l ,  tech- 

nology, and, yes, the courag f t h i s  na t ion  by pioneering 

f l i g h t s  a l l  across  the earth. 

The s p i r i t  of t h e  Ameri people i s  s t i l l  the  
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same today, and they w i l l  exg 

nothing l e s s  than leadership 

th i s  great new venture. If b 

real goals of space explorati 

ahead -- and pursue them w i t h  

confident of success. 

NASA Release NO. 59-272 

:t and be sat i s f ied  with 

7 the United States i n  

keep our sights on the 

1 -- 5, 10, and 20 years 

;teadfastness, we can be 
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Ball Brothers Research Corp. -- 
for a Delta-launched earth orbiting 

$250,000 represents initial funding; 

may reach $750,000. 

Army Ordnance Missile Command 

for design, construction and integratlion 

satellite t o  study the energy and 

contract cost may run $800,000. 

NATIONAL AERONAUTICS AN SPACE ADMINISTRATION 

$250,000 -- Instrumentation 
solar observatory. The 

total cost of the contract 

- # -  $150,000 -- Initial funding 
o f  a Juno 11-launched 

sowce o f  gamma rays. Total 

NASA RELEASE NO. 59-271 
Du. 2-7807 

FOR RELEASE: 
Friday P.M's 
December 11, 1959 

NASA  CONTRACT^ FOR OCTOBER 

The National Aeronautics and S ijce AdministraticJi let the 

following new contracts during Octob 

Massachusetts Institirte of $70,000 -- Basic 
research t o  provide a better the noise phenomena 

associated with rocket launches and aircraft. 

University o f  Cincinnati -- $1 -- Advanced mathe- 
matical research into celestial mech 

AOMC -- $l5O,OOO -- Initial fu ding for design, construction 
and integration o f  a Juno 11-launche satellite to sample the 

ionosphere. 

ments with radio signals to determin I properties of the ionosphere, T o t a l  contract  c o s t  may run $750,000, 

National Bureau of Standards - $130,000 -- Ground experi- 

- . . .... . . . . . . . I . . . - .A . ... . . __. .. .̂._ .. . 
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McGraw-Edison Co. -- $80,000 -- 
wind tunnel at Langley Research Centei 

Navy Bureau of Ordnance -- $360. 

propellant rocket motors to be used a: 

Scout (Project 609A) by the Air Force 
entry tests. 

Navy Weapons Plant -- $50,000 -- 
going into mockups f o r  Gaddard Space I 

National Bureau of  Standards -- 
system services. 

Jones-Mahoney Corp. -- $110,000 
t o  house a new NASA minitrack station 

Myers, Fla. This station will do the 

stations, one at F o r t  Stewart, Ga., ar 

both of which NASA has closed. 

Naval Research Laboratory (ONR) 

support in connection with work on thc 

s a t e l l i t e  to be launched by a Delta., 

- END - 

Repairs to rotor in unitary 

. 
300 -- Purchase of 19 solid 
upper stages in a modified 

in high-altitude and re- 

Shop work and materials 

light Center. 

$70,000 -- Use of computing 

-- Construction of buildings 
recently opened at Fort 

,vork of two minitrack 

3 another at Havanna, Cuba, 

-- $70,000 -- Logistics and 
100-foot sphere communications 

__. _ _ _  . ... - - . ... . - .. 



NATIONAL AERONAUTICS ANI[ 

WASHINGTON 

NASA RELEASE NO, 59-277 
Du. 2-6325 

MEMORANDUM TO EDITORS: 

The at tached document i s  desigr 

U, S. and U. S. S. R. space sciences 

rockets ,  probes and s a t e l l i t e s ,  It 

Newel1 Jr., Assis tant  NASA Director  

SPACE ADMINISTRATION 

. D. C. 

December 15, 1959 

d a s  background information on 

programs, including sounding 

as prepared by D r .  Homer E. 

o r  Space Sciences.  



U, S ,  AND U,S,S.,R, SPA( 

iIomer E, New€ 
Assist an t  Direct  o r ,  

National Aeronautics and 

Resul ts  Obtained. 

The U n i t e d  S t a t e s  has  been us j  

a i r  research and rocket as t ronomy 2 

WAC Corporal, V-2, Viking, Aerobee, 

Cajun, Nike-ASP, and Rockoons used, 

200 miles  f o r  t h e  most p a r t .  Many 

p r i o r  tc t h e  start of t h e  I n t e r n a t i  

a d d i t i o n a l  200 were f i r e d  a s  p a r t  c 

Year program. Current r a t e  of roc& 

100 pe r  year .  Higher a l t i t u d e  roc& 

t h e  work t o  extenel t h e  atmopsheric 

thousands of miles altitude, Launc 

White Sands, N e w  Mexico; Wallops I:: 

I s land ,  Cal i forn ia ;  Cape Camveral ,  

Canada; Guam; and f rom shipboard i r  

and South Pac i f i c ,  and t h e  v i c i n i t j  

The United States program has 

papers and r e p o r t s  g iv ing  r e s u l t s  c 

dens i ty ,  w i n d s ,  and composition of 

ionosphere; t h e  e a r t h ' s  magnetic f i  

cosmic rays;  micrometeors; s o l a r  ri 

astronomy. Some experiments have f: 

3 SCIENCE RESULTS 

-1, Jr. 
;pace Sciences 
;pace Administration 

18 sounding rockets  f o r  upper 

.nee t h e  c lose  of World War 11, 

Aerobee-Hi, Nike-Deacon, Nike- 

Al t i tudes  a t t a i n e d  were below 

iundreds of rocke ts  were f i r e d  

)rial Geophysical Year; an 

' t h e  I n t e r n a t i o n a l  Geophysical 

t t  soundings i s  somewhat below 

t t s  a r e  being introduced i n t o  

)bservat ions to one to seve ra l  

lings have been c a r r i e d  out a t  

.and, Vi rg in ia ;  San Nicolas 

Flor ida ;  For t  Churchi l l ,  

t h e  North At l an t i c ,  t h e  Mid- 

of  Antarc t ica .  

roduced hundreds of research  

1 t h e  pressure ,  temperature, 

;he upper atmosphere, t h e  

!Id; t h e  aurora  and airglow; 

l i a t ions ;  and u l t r a v i o l e t  

?en c a r r i e d  out  on modifying the 
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upper atmosphere by the r e l e a s e  of s p e c i a l  chemicals, and on 

modifying t h e  r a d i a t i o n  b e l t  by nuc lear  explosions.  Some b i o -  

sc iences  experiments have been performed. 

The USSR has a l s o  been car ry ing  out a rocket  sounding program 

s i n c e  t h e  l a s t  war. Although t h e  p r e c i s e  number of rocket sound- 

i n g s  t o  d a t e  i s  not  known, they  number i n  t h e  hundreds. F i r l n g s  

have been made f rom Franz Josef Land and from Mlrny i n  

Antarc t ica ,  a s  w e l l  a s  f rom European USSR. The Sov ie t s  have per- 

f e c t e d  a meteorological sounding rocket  t h a t  i s  used for more o r  

less rou t ine  soundings of t h e  atmopshere t o  measure a i r  pressures ,  

dens i t ies ,  and temperatures up t o  35 miles a l t i t u d e .  I n  add i t ion ,  

t h e i r  "geophysical rocket" i s  capable of car ry ing  ton  and a h a l f  

payloads up t o  300 mile  a l t i t u d e s .  

From t h e i r  sounding rocket  program t h e  USSR has obtained a 

broad c o l l e c t i o n  of r e s u l t s .  The meteorological soundings have 

produced d e t a i l e d  da t a  on t h e  s t r u c t u r e  of the upper atmosphere 

j u s t  above t h e  troposphere,  showing i t s  temporal and seasonai  

v a r i a t i o n s .  The geophysical rocket  program has provided considerable  

information on the very h igh  atmosphere, including t h e  inosphere.  

The d e s c r i p t i o n  of one of t h e  geophysical rocket  payloads i s  s o  

s i m i l a r  t o  t h e  desc r ip t ion  of Sputnik I11 and i t s  instrumentat ion 

a s  t o  l ead  one t o  conjec ture  t h a t  t h e  payload may have been 

e s s e n t i a l l y  t h e  Sputnik 111 payload. Whether or n o t  t h i s  i s  t h e  

case,  t h e  instrumentat ion provided f o r  a broad range of measure- 

men t s  on the  ionosphere, atmopsheric s t r u c t u r e ,  ene rge t i c  p a r t i c l e s ,  
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and t h e  e a r t h ' s  magentic f i e l d .  Tlx 

included considerable  work on bioloi 

been some 20 t e s t s  i n  which dogs, ai 

and recovered f o r  study. During thi  

animals vas telemetered t o  ground. 

The USSR launched t h e  f i r s t  suc 

s a z c l l i t e .  To d a t e  t h e  USSR has su( 

s a t e l i l t e s ,  and 3 space probes. TW 

earath ezcape ve loc i ty ;  the  first pa! 

diameters of' t h e  moon. The second 

t h e  moon. The t h i r d  space probe wai 

enough t o  t h e  moolz t o  take p i c t u r e s  

rnocn's sur face ,  then t o  loop around 

The l u n a r  p i c t u r e s  were success fu l l ;  

The UKited Star;es has t o  d a t e  I 

s a t e l l i t e s ;  namely 5 Explorers,  3 V4 

Discoverers;  and 3 space probes, a1  

of t h e  space probes achieved e a r t h  1 

the  moon a t  sone 37,000 mi les  d is ta l  

B o t h  t h e  Uni ted  S t a t e s  and Sov 

have produced valuable  s c i e n t i f i c  r( 

spec tacu la r  d i scove r i e s  and achieve] 

i n  t h e  accompanying Table No. 1. 11 

s p e c t a c u l a r  output ,  t h e s e  s a t e l l . i t e  

t u rn ing  out  a s teady  flow of inform' 

USSR rocket program has a l s o  

. c a l  researches .  There have 

1/or r a b b f t s  were sent a l o f t  

f l i g h t  t h e  behavior of t h e  

: e s s fu l  a r t l f ' i c i a l  e a r t h  

:essf'ully launched 3 e a r t h  

of !;he space probes achleved 

;ed within 2 o r  3 mc:c:r; 

) v i e t  space probe a c t u a l l y  h l t  

launched s o  as t o  pass c lose  

If t h e  unseen s i d e  o f  t h e  

;he moon r e tu rn ing  t o  t h e  earti i .  

obtal.ned. 

Iccess fu l ly  launched 15 e a r t h  

g u a r d ,  Pro jec t  Score, and 6 

c a l l e d  Pioneers.  Only one 

;cape ve loc i ty ,  passing by 

:e. 

?t s a t e l l l t e s  and space probes 

; u l t s .  Included a r e  some 

? n t s ,  some of' which a r e  g iven  

addi t ior!  t o  t h e  more 

ind space probe flights a r e  

; i c n  and r e s u l t s  t h a t  b u i l d  
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up g radua l ly  t o  an impressive advancement of mankind's knowledge 

of the earth and o u t e r  space.  Some of these a r e  l i s t e d  in .  Table 2,  

Problems Being Attacked. 

I n  a t tempting t o  compare t h e  r e l a t i v e  s t ages  of advancement 

of  t he  US and USSR i n  space research,  one might proceed by t r y i n g  

t o  l i s t  i tem by i t e m  t h e  ind iv idua l  r e s u l t s  from t h e  two programs 

and t o  r e l a t e  these r e s u l t s  i t e m  t o  i t e m .  T h i s  would t u r n  out t o  

be d i f f i c u l t  even i f  one were su re  t h a t  a l l  t h e  r e s u l t s  obtained 

by the Sov ie t s  were a c t u a l l y  a t  hand, f o r  t h e r e  would be many 

observat ions obtained by t h e  Russians t h a t  had n o t  ye t  been obtained 

by t h e  United S t a t e s ,  and conversely, many obtained by t h e  US t h a t  

had not ye t  been obtained by the Russians. A more e f f e c t i v e ,  and 

perhaps more s i g n i f i c a n t  way of comparing t h e  r e l a t i v e  stages of 

advancement, would be to i s o l a t e  t h e  genera l  a r eas  of i n v e s t i g a t i o n  

and t h e  genera l  problems be ing  a t tacked  by t h e  two count r ies .  

Taking t h i s  approach one can say t h a t  t h e  US and t h e  USSR 

appear t o  be a t  about the same stage of advancement i n  upper a i r  

research .  The US resu l t s  on t h e  atmopshere below 200 m i l e s  appear 

t o  be more d e t a i l e d  and complete, but the Sov ie t s  have made higher 

a l t i t u d e  measurements by means of t h e i r  geophysical rocket .  The 

Sov ie t s  appear t o  have done f a r  l e s s  than the  US on s o l a r  

r a d i a t i o n s ,  but t h e  USSR has done much more than  t h e  US on bio- 

sciences experiments, having conducted numerous f l i g h t  tests i n  

which dogs were c a r r i e d  a l o f t  i n  rocke ts  and s a f e l y  recovered. 
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The USSR has c a r r i e d  t h e  technique of 

from the  rocket  c a r r i e r  f a r t h e r  than  

t h e  technique of te lemeter ing  t o  a h: 

Likewise, the  US and t h e  USSR sc 

s t a g e  of advancement i n  s t u d i e s  of t k  

s a t e l l i t e  techniques a r e  adequate fo i  

va t ions .  I n  f a c t  it may be t h a t  i n  t 

has the  s l i g h t  edge. The b i g  advantz 

t h e s e  problems l i e s  i n  t h e i r  g r e a t e r  

hand, the Uni t ed  S t a t e s  has launched 

Sovie t  Union. 

I n  deep space probe work t h e  US: 

lead.  T h i s  i s  d i r e c t l y  a t t r i b u t a b l e  

technology. 

Table 3 provldes a comparison of 

t h e  United S t a t e s  and t h e  USSR. 

A r e v i e w  of Table 3 shows f a i r l j  

and t h e  USSR s c i e n t i s t s  a r e  a t  about 

i n  t h e  problems they aye a t t ack ing  01 

research .  A s  groups they  undoubtedlj 

and understandings of the  s i g n i f i c a n t  

tack led .  Their ins t rumenta t ions  a r e  

t h e  U n i t e d  S t a t e s  may have a s l i g h t  E 

f a c t  t h a t  t h e  USSR q u i t e  o f t e n  s implj  

ment f o r  i t s  own instrumentat ion.  Tk 

e j e c t i n g  instrumented packages 

?as t h e  US, which has c a r r i e d  

3h degree of refinement. 

zm t o  be a t  about the same 

3. e a r t h ' s  environs where 

making t h e  necessary obser- 

11s regard t h e  United S t a t e s  

;e the Sovie ts  have i n  a t t ack ing  

payload capac i ty .  On t h e  o t h e r  

nany more s a t e l l i t e s  than the  

3 has d e f i n i t e l y  t a k e n . t h e  

50 t h e i r  c l e a r  l ead  i n  vehic le  

the  s t a t e s  of advancement of 

c l e a r l y  t h a t  t h e  United S t a t e s  

?qual s t ages  of advancement 

a r e  about to a t t a c k  i n  space 

have comparable competencies 

problems t h a t  ought to be 

roughly equiva len t ,  al though 

1ge here ,  a s  i nd ica t ed  by t h e  

copies United S t a t e s  equip- 

? conclusion f o l l o w s  then 
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that the side that .has the more advanced technology in the way of 

payload capabilities, guidance, etc., will have the distinct edge 

and by virtue of the increased flexibility and capabilities provided 

by the more advanced technology will force steadily ahead. Thus, 

one may predict a time lead in vehicle technology w i l l  be transformed 

into a corresponding time lead in the exploration and investigation 

of outer space. 



Table 1 

1. 

2. 

3. 

4, 

54 

6. 

United States 
~ 

1. 

2. 

3- 

4 e  

5 .  

l_l . 

A number of f irsts i n  high al t i tud 
among others: 

Nrst detailed photo of sol= 

M r s t  photo of complete tropi 

First penetration of equatori 

First detection of X-rays i n  

First detection of auroral pe 

Discovery of the V a n  Allen Radiati 

Discovery that the Van Allen Radie  
least two zones. 

Performance of the Argus experimen 

The first precise geodetic use of 
(Vmguard I) t o  obtain refined i n f  
shape of the earth,  providing an i 
ing and showing tha t  the earth i s  

First achievement of an elementary 
Score . 

First a r t i f i c i a l  earth satellite. 

First lunar near miss. 

First lunar impact. 

First pictures of the h i ther to  unf 

First detection of what may be a c 
(the Chapman-Stbrmer ring) 

rocket research, including 

u l t rav io le t  spectrum. 

a3 storm. 

1 ionospheric current sheets, 

igh atmosphere. 

t i c l e s  i n  high atmosphere. 

n Bel t .  

ion B e l t  consists of at 

6. 

%ificia;L ear th  s a t e l l i t e s  
mation on the s ize  and 
roved value f o r  the f la t ten-  
: tually s l i gh t ly  pear shaped. 

xi side of the moon. 

rrent r ing about the earth 

._I I"__̂  . . . . I..._______._ - - - ... . . .I.-.___ . . . . 
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U. S. S. R. (Continued) 

6 .  Flrst routine recovery of large animals (dogs, and rabbits) 
from high altitude rocket fl ights 

7. Development and routine use of a meteorological sounding 
rocket, recoverable and reflyable. 

8. Mrst  hunching of a large a n i m a l  (Laiba)  i n  a satel l i te  of 
the earth. 

9. Mrst high capacity, maneuverable, heavily instrumented, space- 
craft w i t h  fully successm long range communications (~unik 111). 



* 

FIELD 

Upper 1. 
Atmosphere 

2. 

3. 

Table 2 

SOUNDING ROCKET, SATEILITE, AND SPACE P X O E  RESuLtcS 

lJNITED STATES 

Rocket observations have been made of 1. 
pressure, temperature, density, camposi- 
tion, and winds of the high atmosphere 
a t  a wide var ie ty  of locations, both 
day and night,and i n  the  various sea- 
sons. 

Upper air  densi t ies  have been obtained 
from the  tracking of both US and USSR 
s a t e l l i t e s .  

It has been shown t ha t  t he  radiation 
be l t  may account f o r  much higher atmo- 
spheric temperatures observed i n  the 
auroral  zone atmosphere than i n  the 

2. 

3 -  

U.S.S.R. 

Rocket observations have been made of pres- 
sure, temperature, Oensity, composition and 
winds of t he  high atmosphere a t  a wide 
var ie ty  of locations, both day end night, 
and i n  the  various seasons. 

Upper air  densi t ies  i n  the higher l a t i t ude  
regions obtained from drags on Sputniks I 
and 111, 

High enough flux of ].ow energy electrons 
measured with Sputnik I11 instruments i n  the 
northern regions t o  account f o r  the h igher  
atmospheric temperatures there. - 

equatorial regions. 

4. 4. Direct measurement of upper a i r  densi t ies  
made with gages i n  Sputnik 111, fo r  heights 
UP to 355 km. 

5. Fluctuation in s a t e l l i t e  drag, hence 5 .  
presumably upper air densit ies,  have 
been shown, from observations on 
Vanguard I and Sputnik 11, t o  be d i -  
rec t ly  correlated with fluctuations 
i n  the  10 cm radiation from the  sun, 
and hence solar act ivi ty .  
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Upper 6. 
Atmosphere 

(Contd) 

U.S.S.R. 

6. The routine meteorological sounding rocket 
has been used t o  give atmospheric structure 
data at middle-European, Arctic, and Antarc- 
t i c  locations showing seasonal variations as 
well as geographic. 
seasonal variations a re  different f o r  the 
different a l t i tude ranges. 

It turns out that the  

7. From both s a t e l l i t e  and rocket observa- 7. 
t ions high a l t i tude  air densities have 
been shown t o  vary widely with time of 
day, season, and geographic position. 

8. The amounts of diffusive separation 8. Diffusive separation in the upper atmosphere 
both below and above the E region of the 
ionosphere have been measured i n  sound- 
ing rocket experiments, and shown t o  be observations. 
very s l ight  below the  E region and quite 
pronounced above al t i tudes of 110 t o  
120 I r m a  

below the E region has been measured with 
resul ts  that agree i n  general with the US 

Ionosphere 1. Ektensive electron density data have 1. From rocket soundings electron densit ies have 
been obtained f o r  a nuinber of locations been obtained up t o  and above the F region 
from rocket soundings. maxirmrm. 

2. F m  radio signals of bath US and USSR 
sa t e l l i t e s ,  propagation characterist ics 
of the ionosphere and electron density 
distributions have been obtained. 

2. Electron densities above 300 km were obtained 
by observation of the  radio signals of 
Sputniks I and 111. 

3. 3. Observations on Sputnik I showed 3.5 times 
as many electrons above the F region maximum 
as below. 
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FIELD 

Ion0 sphere 4. 
(Contd) 

6 .  

7.  

a. 

UNITED STATES U.S.S.R. 

The heavy ions i n  t h e  ionosphere 
above White Sands and Fort Churchill 
have been identified up t o  the  F region 
i n  rocket sounding experiments. 

4. The ionic camposition of t h e  ionosphere has 
been measured in  sounding rockets t o  above 
the F region maximum. 

5. Sputnik I11 observations showed that the 
predominant ion from 250 to  950 km is positive 
atomic oxygen, OF. 

6. In Sputnik I11 the satell i te potent ia l  i n  the  
daytime ionosphere was observed t o  be as much 
as -7 volts. 

Very low frequency propagation data 7. 
were obtained from Explorer V I .  

8. In t he  second Lunik, evidence of a lunar 

Magnetic 1. 
Field 

2. 

Data on ear th 's  magnetic f ie ld  were 
obtained from Pioneer I and Explorer 
V I ,  and a great deal of additional 
high quality data are being obtained 
fram Vanguard 111. 

1. Data on ear th ' s  magnetic f i e l d  obtained fram 
Sputnik 111. 

By the i r  magnetic effect, e lec t r ic  2. 
current flows were plot ted i n  the E 
and lower F regions, i n  rocket sound- 
ing experiments i n  the  equatorial 
regions. 



FIELD - 
Magnetic 3.  
Field 

(Contd) 

Table 2 (Page 4) 

UIKCIED STATES U. S. S.R. 

3. On Mechta measurements were made of the 
ear th 's  magnetic f i e l d  and its extension into 
space. 
covered i n  the region of the radiation belt,  
indicating perhaps the existence of a current 
ring such as postulated by Chapman. 

A marked dip in the f ie ld  w a s  d i s -  

4. Rocket measurements of the ear th ' s  mag- 4.. 
net i s  Field, have been made i n  the  
auroral regions 

5. 5 .  L u d k  XI, on i ts  plunge t o  the surface of 
moon, showed that the iunar magnetic f ie ld  i s  
not greater than 50 gamma. 

Cosmic Rays 1. Extensive data on cosmic ray intensi-  1. Cosmic radiation measurements have been made 
t i e s ,  composition, and interactions in USSR sounding rockets. 
with matter were obtained from sound- 
ing rockets in various locations and 
throughout a l l  the seasons. 

2. The cosmic ray count w a s  obtained above 2. The cosmic radiation w a s  measured in  Soviet 
the atmosphere with counters i n  satellites and space probes. 
Explorer s a t e l l i t e s  and Pioneer probe. 

3.  Cosmic ray counts i n  the first 3. Sputnik I1 observations showed an increase 
Explorers gave discovery of the 
Radiation Belt .  

i n  counting rate with height ( th i s  being at 
the time,= unrecognized hint of t h e  presence 
of the  radiation belt) .  



FIELD - 
Cosmic R a y s  4. 

(Contd) 

Radiation 1. 
B e l t  

2. 

3. 

UNITED S'IIATES u.s .S.R. 

Details on the cosmic rad ia t ion  as a 
m c t i o n  of time and posit ion i n  space 
have been obtained from Ekplorer V I ,  
and are being obtained from Ekplorer 
VI1 . 

4. Sputnik 111 aad cosmic rockets provided mea- 
surenents on the heavy nuclei i n  the cosmic 
radiation. 

Radiation b e l t  discovered with ins t ru-  
ments i n  Explorer I. 

1. Abnormally high cosmic ray counts were ob- 
served i n  Sputnik 11, par t icu lar ly  at the 
high la t i tudes .  Sputnik I11 showed a very 
high electron f lux  i n  the northern l a t i t udes .  

A great amount of additional detail 2. Sputnik 111, Mechta, and other Soviet s a t e l -  
obtained on bel t  i n  Explorers 111 and 
IV, and the Pioneer probes. Extent US findings 
of radiat ion be l t  shown by Pioneer I. 
Pioneer I11 showed bel t  t o  consist  
of at least two zones. 

l i t e  and space probe observations confirm the 

Pioneer N showed the extent of the 3.  
c - .  . - on DeLz zo nave increasea 

grea t ly  following a five-day period of 
high so lar  ac t iv i ty ,  thus proving that 
the  outer b e l t  i s  of so la r  origin. 

I 
i 
i 

4. Argus experiments showed individual 
inner  zones of the rad ia t ion  belt t o  
be very stable. 

4. 

5.  Argus observations lends support t o  con- 5 .  
clusion tha t  inner rad ia t ion  be l t  pro- 
duced by cosmic rays. See No. 7 below. 
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FIELD 

Radiation 

( Contd) 
B e l t  

4urora 

UNITED STATES 

6. Detailed energy spectrum of radiation 
i n  radiat ion bel t  was obtained by 
Explorer V I  . 

7. Sounding rocket observations showed 
that the energetic particles of the 
inner radiat ion b e l t  are protons of 
energy spectrum expected from decaj 
of neutrons, hence supports c ! smic 
ray origin for  hard components of 
inner bel t .  

8. Extensive additional information on 
the radiation bel t  was obtained from 
Explorer V I  and i s  being obtained from 
Explorer VI1 and Vanguard 111. Eugh 
vasiations of many orders of magnitude 
i n  counting rates were observed i n  outer 
zone 

9. Radiological hazard of radiation b e l t  
estimated t o  be not serious f o r  a 
d i rec t  traverse of the bel t ;  but quite 
serious f o r  a space s ta t ion  that spends 
a l o t  of time i n  the be l t .  

10; 

1. Rocket soundings have been used t o  
study the electromagnetic and particle 
radiations i n  the aurora. It was found 
that s o f t  radiation flux above 40 k m  
was many times the primary cosmic ray 
count . 

I 

6. 

7. 

8. 

9. Radiological hazaxd of radiation be l t  esti-  
mated t o  be not serious f o r  a d i r ec t  traverse 
of the be l t ;  but quite serious f o r  a space 
s ta t ion  that spends a l o t  of t i m e  i n  the bel t .  

10. The moon w a s  shown not t o  have a radiat ion 
bel t  detectable within the sens i t iv i ty  of 
Lunik instruments. 

1. 
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FIELD UNITD STATES 

Aurora 2. 
(Contd) 

3. The par t ic les  i n  t he  outer radiation 
bel t  have been shown t o  be the l ikely 
immediate cause of the aurora. 

Geodesy 1. Vanguard I observations give 811 
oblateness of the earth of 1/298.3. 

2. Vanguard I observations show the earth 
t o  be pear shaped with a 50 foot peak 
at the  north pole, and a 50 foot flat- 
tening a t  the south pole; t h i s  appears 
t o  imp1 y an internal  strength t o  the 
earth, rather than a free flowing 
plast ic i ty .  

Meteors 1. A f a i r l y  low count of micrometeors 
corresponding t o  a t o t a l  influx of 
1,OOO t o  10,OOO tons of material per 
day, from Explorer and Pioneer obser- 
vations. 

2. A very large amount of additional data 
are being obtoined from the  Vanguard 111 
instrumentation. 

2. 

3. 

1. 

2. 

1. 

2. 

U. S S. R. 

A very high flux of low energy electrons 
was observed i n  Sputniks I1 ar-d 111. This  
flux w a s  taken t o  be the cause of t h e  veiy 
high atmospheric temperature i n  these regions. 

'Lne par t ic les  i n  the outer radiation belt 
have been shown t o  be the l ike ly  immediate 
cause of the  aurora. 

Influx of material per day indicated by 
Sputnik I11 observations in general agree- 
ment w i t h  the  US results. 

Additional measurements made i n  Soviet cosmic 
rocket f l i g h t s  . 
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FIELD 

Astronomy 1. fn sounding rocket experiments u l t r a -  1. 
violet  sources i n  the sky have been 
detected and plotted. 

2. The solar s p e c t m  has been observed 2. 
and photographed down t o  303 Angstroms. 

3. Solar radiations have been observed and 3. 
measured in the X-ray regions. 

Lunar 1. 
Explorations 

2. 

3. 

U.S.S.R. 

1. F i r s t  photos taken of the hitherto unseen 
side of the moon. 

2. The lunar magnetic f i e l d  shown t o  be no 
greater than 50 gamma. 

3. Lunar ionosphere detected. 

Miscellaneous 1, The Argus experiments were carried 1. 
Experiments out. 

2. Sodium vapor was released in the high 
atmosphere and observedto m e a s u r e  i t s  
radiations, atmospheric winds, and 
diffusion. 

2. Sodium clouds were released from Luniks 11 
and III and observed from the ground. 

3. Various chemical cantaminants were 3. 
released in the high atmosphere to  
study the photochemical reactions that 
resulted 



L 

I 

FIELD - UNITED STATES 

Biosciences 1. On numerous sounding rocket f l i gh t s  1. 
biological specimens of seeds, f ru i t  
flies, etc. have been flown and re- 
covered f o r  study. Larger animals, 
such as rats and monkeys, have been 
f l o m  f o r  study of t h e i r  behavior and 
the effects  of the f l i g h t  environment on 
them. 
effected on numerous occasions. 

Recovery of sucg animals has been 

2. 2, 

Engineering 1. US sa t e l l i t e s  show tha t  moderate 1. 
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Data temperatures can be achieved 1l1 moderate t q e r a t u r e s  can be achieved by 

2. 

3. 

4. 

5 .  

U. S .S.R. 

Large numbers of sounding rocket experiments 
have been carried out w i t h  dogs and rabbits, 
i n  which the animals were both studied during 
f l i g h t  and recovered after f l i gh t  f o r  further 
study. 

Observations were made on the behavior of 
Iaika, particularly heartbeat and respiration, 
in Sputnik 11. 

USSR sa t e l l i t e s  and space probes show that 

orbiting vehicle. appropriate engineering. 

Elementary communications l ink checked 2. 
out i n  Project Score. 

Based on radiation belt  data, it is 3. Sputnik I11 measurements show t h a t  in the 
deduced that satellites may charge t o  
a potential. of some hundreds of vol ts  
in t he  radiation bel t .  

daytime ionosphere the s a t e l l i t e  acquired an 
appreciable negative charge corresponding t o  a 
negative potential  of several volts. 

The m e t e o r  erosion and puncture prob- 
l aas  have been shom in general t o  be 
not partiernkrly serious. 

4. The meteor erosion problem appears t o  be not 
particularly serious. 

AR elementary 'dw scanner was  checked 5 -  
out i n  Ekplorer VI, w h i l e  some of the  
basic elements of a meteorological satel- 
l i te were checked out i n  Vanguard 11. 
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FIELD 

Engineering 6. 
Data 

(Contd) 

tlrmED STATES U. S S.R. 

6. Automatic photography of the moon and the  
televising of the  phctographs obtained back 
t o  earth has been achieved. 

7.  Solar cells have been shown t o  be a 
practical ,  reliable source of power. re l iable  source of power, 

7. Solar ce l l s  have been shown t o  be a practical ,  

8. 

9. It appears that the radiological 
hazard t o  space vehicle crews travers- 
ing the radiation be l t  direct ly  may be 
relatively low, while the hazard t o  
those i n  a satel l i te  orbit ing through 
the radiation be l t  would be quite 
serious. In addition, marked increases 
i n  proton in tens i t ies  of the cosmic 
radiation found at the time of solar 
ac t iv i ty  may be a very serious radio- 
logical hazard; dose rates of 
1000 r/hr 

8. A complete spacecraft, maneuverable, with 
temperature control, power supply, long range 
communications link, complicated i n s t m e n t a -  
tion, etc. has been engineered and flown suc- 
cessfully, -- namely, Lunik 111. 

Meteorology 1, Numerous sounding rocket photos of 1. 
cloud formations and significant weather 
areas have been taken. 
composite photo %ram one sounding rocket 
showed a completely developed t ropical  
s t o m  approaching hurricane proportions. 

I n  par t icular  a 

9. It appears that the radiological hazard t o  
space vehicle crews traversing the radiation 
be l t  directly may be relatively low, trhile t he  
hazard t o  those in  a satell i te orbiting through 
the radiation be l t  wouldbe quite serious. 
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FIELD 

Meteorology 2. 
(Contd) 

3. 

4. 

2. 

3. 

U. S . S.R. 

A meteorological sounding rocket was developed 
and has been used on a routine basis f o r  
meteorological studies. 

Detailed measures of pressures and temperatures 
have been obtained with the meteorological 
rocket f o r  Antarctic, Arctic, and Middle 
European locations . 

Cloud picture data were obtained in  4. 
Vanguard I, but mo.tions of the satel- 
l i t e  have so far prevented reducing 
the data t o  useful pictures. Also, 
very low resolution, elementary te le -  
vision pictures have been taken of 
cloud formations as seen from Explorer 
m. a nf+ -ii 
and released. 
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FIELD 

Meteorology 2. 
(Contd) 

3. 

UNrmED STATES U. S. S. R. 

2. A meteorological sounding rocket w a s  developed 
and has been used on a routine basis fo r  
meteorological studies. 

3, Detailed measures of pressures and temperatures 
have been obtained with the meteorological 
rocket for  Antarctic, Arctic, and Middle 
European locations. 

4. Cloud picture data were obtained i n  4. 
Vanguard I, but mo.tions of the  satel- 
l i t e  have so far prevented reducing 
the data t o  useful pictures. Also, 
very l o w  resolution, elementary tele- 
vision pictures have been taken of 
cloud formations as seen from Explorer 
VT- n-P *c7 

and released, 
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Table 3 

PROBLEMS CURREMTLY UNDER ATTACK 

4 

i 

I FIELD UNITED Sl?A!JXS 

Upper 1. A detailed study of the strucfure, 1. 
Atmosphere winds, and composition of the ionos- 

pheric regions and beyond i n  the.  
ear th ' s  atmosphere is underway by 
means of sounding rockets and earth's 
s a t e l l i t e s .  

2. York is  underway t o  develop a routine 2. 
rocket sonde fo r  synoptic studies of 
the lower portion of the upper atnos- 
phere i n  association with meteorological 
soundiilgs. 

U.S.S.R. 

A detailed study of the structure, 
winds, and composition or the ionos- 
pheric pegions and beyond in  the 
ear th ' s  atmosphere is underway by 
means of sounding rockets and earth's 
sa t e l l i t e s .  

The USSR has already achieved the 
development of a routine rocket sonde 
f o r  meteorological type soundings i n to  
the lower portion of the upper atmosphere. 

Ionosphere Intensive rocket and s a t e l l i t e  studies 
of the ionosphere i n  the F region and 
beyond are underway. 

Magnetic 
Field 

The US has used search co i l s  saturable 
core magnetometers and proton precession 
magnetometers i n  its measurements of the 
earth 's  magnetic f ie ld .  The US is pre- 
paring t o  use a much more sensitive 
instrument, the aJ.kali vapor resonance 
magnetometer, f o r  further studies of 
magnetic fields in  space and t o  m e a s u r e  
the magnetic field of the moon. 

Intensive rocket and satellite studies 
of the ionosphere i n  the F region a.nd 
beyond are underway. 

The USSR has also used standard type 
magnetmeters and proton precession 
magnetometers f o r  observations of the  
earth's magnetic field. The USSR has 
made a measurement t o  detect the lunar 
magnetic f ie ld ,  finding none t o  within 
the sens i t iv i ty  of t h e i r  instrument. 
i s  not knm whether the USSR is preparing 
t o  use the alkali vapor magnetometer i n  
the near f'uture. 

It 
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FIELD - 
Cosmic Rays 

Radiation Bel t  

Aurora 

Geodesy and 
Cele s t i al 
Mechanics 

Meteors 

UNITED STms 

Balloon, sounding rocket, and satellite Balloon, 
observations of the intensity, nature, and obsemat 
effect  of cosmic rays are underway. e f fec t  o 

U.S.S.R. 

sounding rocket, and s a t e l l i t e  
ons of the intensity, nature, an 
cosmic rays are underway. 

Detailed study of the Radiation Belt by 
means of sounding rockets, s a t e l l i t e s ,  and Radiation Belt i n  Sputnik 111, but at the 
space probes, w i t h  occasional use of con- 

The USSR made intensive studies of the 

present time appears t o  be investigating 

! 

t ro l led  experiments is underway. the  belt  incidentally as part  of t he i r  con- 
centration on deeper space missions, namely 
on their Lunik flights. 

US sc ien t i s t s  are tackling the problem of 
both vis ible  and ul t raviolet  auroral radia- 
tions, the par t ic les  connected w i t h  the 
aurora, and the ultimate origin of the 
aurora. 

The USSR scient is ts  are tackling the same 
problems. 

US is continuing use of satellites for  
geodetic studies. 

The US continues t o  col lect  data on 
meteors i n  space, using a w i d e  variety 
of experimental equipments e 

The USSR Shows skill i n  applications 
of ce le s t i a l  mechanics, as witnessed by 
their ab i l i t y  t o  launch Lunik 111 with the 
accuracy achieved, and t o  predict the motions 
of the Lunik I11 spacecraft. 

"he USSR has made an intensive study of 
micrometeors i n  t h e i r  s a t e l l i t e s  and space 
probes, appearing t o  attack the general 
problem very mch along tbe lines followed 
by the US. 
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Astronomy 

Lunar 
Exploration 

UNrrEII S T B S  

Active rocket astronomy i n  being. UnknOWIl, 
Orbiting telescopes, solar, and astro- 
physical observatories being worked on. 

U.S.S.R. 

The US i s  preparing t o  conduct inten- 
sive investigations of the moono but the 
actual observation of the moon from space 
vehicles is yet t o  begin. 

The USSR has already achieved significant 
steps i n  its investigation and study of 
the moon. 
Soviets w i l l  continue t h e i r  vigorous e f for t s  
in this area. 

It may be presumed that the 

Planetary US has m i n i m a l  capability i n  this area 

planetary work i s  proceeding at a very 

The USSR has an advanced capabili ty i n  this 

i n  planetsry research. 
Investigations at present, and on the  present schedule areao and has declared i ts  definite in te res t  

Miscellaneous 
Experiments 

US using ugper atmosphere regions f o r  
controlled chemical and Argus type 
experiments. Also planning r e l a t iv i ty  
and gravity experiments. 

Biosciences and The US has a first stage man-in-space pro- 

a research type is being carried aut i n  
the Discoverer progpam. Some experimental 
work is  being carried aut i n  sounding rocket 
flights, A well rounded, f u l l y  developed 
program of research i n  both bio-technology 
and biosciences is yet t o  be worked out. 

Man-In-Sqace gram i n  project Mercury. Support work of 

Unknown. 

The USSR has a higJiLy active program of re- 
search on animals under rocket flight and 
s a t e l l i t e  conditions. It i s  not known how 
fully developed t h e i r  Uo-technical and 
fundamental bioscienceti programs we. It 
is expected, particularly from recent news 
releases, tha t  the USSR does have a man-in- 
space propam. 



FELD - 
Meteorology 

C ommuni cations 

Navigation 

The US i s  developing rocket photographic 
techniques f o r  meteorological purposes. The 
JS is developing a meteorological sonde for 
synoptic soundings. 
f'undamental s a t e l l i t e  experiments associated 
with meteorology, and is  taking the initiaJ. 
steps i n  the development of a meteorological 
satellite system. 

The US is conducting 

In its rocket, s a t e l l i t e ,  and space probe 
telemetry the US has shown good capability, 
Long range comunication systems are being 
worked on f o r  dcep space probes. Communi - 
cation s a t e l l i t e  systems are being worked 
on. 

The US is working on a navigation s a t e l l i t e  
of high degree of refinement. 

UIS.S,R. 

The USSR has already developed a working 
meteorological rocket sonde, which they 
have already put t o  extensive use. It 
is not known what the USSR is doing i n  
the matter of developing a s a t e l l i t e  
neteorological system. 

The USSR rocket, s a t e U t e ,  and space 
probe telenetry has been successful. 
particular the comrmrnications and telemetry 
problems of Luik 111 appear t o  have been 
worked out w i t h  a high degree of campetence. 
It i s  not known whether they are developing 
a communication s a t e l l i t e  system, but it 
may be presumed that they are. 

In 

It is not known whether the USSR is devoting 
e f for t  t o  a navigation sa t e l l i t e .  
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MR. PORTZ: Ladies and gentlemen, I t h  
w e  m i g h t  a s  w e l l  s t a r t  i n .  I a m  Matt, Portz  
f o r  NASA, and I be l ieve  most of you know Sh 
f o r  P ro jec t  Mercury. This i s  Shorty 's  show 
w i l l  take over from here. 

.nk everyone 
, t h e  publ ic  
r t y  Powers, 
and P ro jec t  
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i s  here,  s o  I th ink  
a f f a i r s  o f f i c e r  
publ ic  a f f a i r s  o f f i c e r  
Mercury's show, s o  he 

POWERS: The name t ags  are out 
gentlemen. I don't th ink  Paul  Bikle  
people here i n  t h e  l o c a l  area; he i s  
speed f l i g h t  s t a t i o n  and now the  f l i  
generous and kind enough t o  l e t  us o 
and telephones and l o t s  of o ther  t h i  
What w e  would l i k e  t o  do, we have a 1  
t h i s  afternoon, t o  l e t  you ge t  some 
so. A s  we proceed through t h i s  p ro  
who i s  from the School of Aviation 
kind of zero G f l y i n g  t h a t  t h e  A s t r  
The p i l o t s  of t h e  a i r c r a f t  are here 
Captain Richardson i s  t h e  o f f i c e r  
out i n  t h e  back yard, s o  t h a t  i f  a 
you would l i k e  t o  t a l k  about conce 
two spark l ing  -- ac tua l ly ,  no t  s o  
th ink  they  a r e  worn out from be in  
The other  f i v e  have a l ready  been 
program now f o r  three weeks, and 
week. Without a l o t  of o ther  wor 

MR, BIKLE: I have a rather  
welcome t h e  members of t h e  p re s s  
w e  w i l l  be seeing more of each o t  
Although we are hos ts  t o  t h i s  mee 
program i s  an NASA program, I t h i  
phase of it i s  conducted by t h e  
wi th  considerable help from the 
t h e  base here, I would l i k e  t o  
Portz  and myself i n  t h e  f u t u r e  i 
giving you any information t h a t  
space program. You, Shorty, do 
t a l k ,  o r  j u s t  t o  go ahead with t h i s ?  

POWERS: Yes, I would l i k e  
t h e  th ings  t h a t  have been going 
on t h e  18 th  of 

t r a i n i n g  i s  concer 

ance systems t h a t  w i l l  be used 



where I th ink  most people know t h e  Reds 

~ Q G ”  #‘J.x&p&-in t h i s  program i n  
-aixxxaft. That zero G was for ve 

than  anything else. 

dioxide. I n  addi t ion  each Astro 
chamber iTen t i f i ed  by t h e  Navy a 
w e l l  be l ikened t o  t h e  air-condi 
t h e  bui ld ing  or t h e  f a c i l i t y  he 
of t h e  t h i n g  t h a t  needed t o  be a 

I n  September we had 
and included t 

Walker, r a the r ,  Bob White, N e i l  
a t  t h e  NASA F l igh t  Research Cent 
I th ink  probably one of t he  most 
was about a h a l f  day long s h i r t s  
t i m e ,  only s i x  Mercury Astronaut 

Company out a rk .  We got detailed 
s ion  systems t h  g used in& 

Atlas and R e  o t  a chance t o  the  Santa Susana 
“..mm.m=-*-‘- 
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Mountains and see some t e s t  f i r i n g s  of rock 
ta’c.gl%?W*LMmaa%s more detailed- -inCorm; 
spent ~ f i x e . . & ~ ~ ~  at CmvaLr ’ s manufacturing 
t h a t  week t h e y a s  with a l l  of t h e  manageme 
the  people t h a t  are a c t u a l l y  soldering t h e  
b o l t s  i n  t h e  At las  miss i le ,  and I a m  sure  t 
broadened knowledge of how t h e  missile i s  F 

Each of t h e  Astronauts has now fl 
approximately t e n  hours i n  t h e  human c e n t r i  
Medical Acceleration Laboratory a t  Johnsvil 
cen t r i fuge  t r a i n i n g  we were ab le  t o  reprodL 
acce lera t ion ,  p o s i t i v e  acce lera t ion ,  <WSGTYT 

they w i l l  experience i n  t h e i r  Atlas-boosted 
coming back. These p a r t i c u l a r  r i d e s  were r 
o r  pressures  o r  any other f a c t o r s  other t h a  
t h e  Astronauts has now v i s i t e d  t h e  B. F, Gc 
Ohio, and we have t e n t a t i v e l y  accepted d e l i  
Mercury pressure  s u i t s .  I would l i k e  t o  pc 
pressure  s u i t  you s a w  out here t h a t  Sco t t  C 
p ressure  s u i t ;  it i s  a Navy Mark 4 s u i t  t h s  
t r a i n i n g  because it i s  not poss ib l e  t o  plu6 
oxygen breathing and what have you the Merc 
t i c u l a r  a i r c r a f t .  The suit i t se l f ,  t h e  Mer 
by a team of people Tram the NASA space ta: 
€3. F. G o d r i c h  Company, and t h e  Navy Aircrek 
Philadelphia,  Pennsylvania. Each of t h e  A: 
with a CuSkQra-mde prototype. We a r e  proce 

---,-I- - > , -  ,_” _ _ c  . - w , . + , I I  

required t o  both t r a i n  the-as t ronauts  and c 
work t o  produce a usable s u i t .  

A s  soon a s  they got  t h e i r  s u i t s  t 
A i r c r a f t  Corporation, where we molded new c 
Astronauts. We had been using a couch that 
were e s s e n t i a l l y  i n  a f l y i n g  s u i t  a s  Alan E 
accepted de l ivery  on t h e  pressure  s u i t s  t h e  
and remold a new couch t o  f i t  t h e  man i n  t k  
S t .  Louis v i s i t  each of t h e  Astronauts went 
Laboratory a t  Philadelphia,  the Navy i n s t a l  
add i t iona l  f ami l i a r i za t ion  with t h e  pressur 
mock-up of t h e  Mercury instrument panel, pc 
t a s k  Tor‘ t h e  dua l  purgose of making sure  t 
them mobili ty and f ami l i a r i z ing  t h e  Astronz 
energ ies  and fo rces  he was going t o  be reqr 
normal p i l o t  functions i n  t h e  bfercury capst 
tha t  i s ,  normal G conditions.  It was cmdi  
s tances  with t h e  s u i t  p ressur ized ,  

4 

:t engines. Then i n  an e f f o r t  
at;bon about t h e  Atlas, we 
r a c i l i t y  a t  San Diego, During 
it people and t h e  engineers and 
qires and turn ing  t h e  nuts  and 
ley came away with a considerably 
it together.  

3wn -- and tha t ’ s  i n  quotes -- 
euge a t  Vyrs  Aviation 
Le, Pennsylvania. Durfng the 
,e a t  least as f a r  a s  G ‘ s  or 
ie&med, the s 
flights, both 

2 t  concerned Wf 
i G o r  acce lera t ion .  Each of 
2drich Company f a c i l i t y  a t  Akron, 
rery on seven prototype P ro jec t  
i n t  out a t  t h i s  time t h a t  t he  
x p e n t e r  w a s  i n  i s  not a Mercury 
t we are using during t h d s  
i n  a l l  of t h e  v e n t i l a t i o n  and 

Iry s u i t  r equ i r e s  i n  t h i s  par- 
3ury s u i t ,  i s  being developed 
.i group back a t  Langley, t’kie 
Equipment Laboratory i n  

tronauts has now been f i t t e d  
?ding with t h e  work t h a t  i s  
mduct continuing development 

ley went d i r e c t l y  40 McDonnell 
mches f o r  each of t h e  

hepard i s  now, and when we 
re was a reqhirement t o  go back 
2 p ressure  s u i t .  After t h e  
out t o  t h e  Aircrew EquiQme-nt 

Lat ion, where they  went through 

WEIS molded while t h e  Astronauts 

s u i t .  They 
r ng, . 
nat they  
u t  himself with t h e  kind of 

a s u i t  t h a t  gave 

t o  expend t o  perform h i s  
This was done under one G, 

zted under pressurized circum- 
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atmosphere be ginning a t  est dawn t o  t 

DR. HAWKINS: Very good, Colonel P Well, I might preface my 
statements first, i f  I may, by point ing t h a t  zero gravi ty  i s  a condition 

one point  t h a t  I would like t o  get  across 

School of Aviation Medicine i s  a p a r t  o f ,  

I 
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very valuable and important physiological a t h a t  here tofore  we have 
never been ab le  t o  achieve. I n  fat%, t h e r  s r e a l l y  -- t h i s  i s  r e a l l y  a 
f i rs t  t i m e ,  a f irst  event wherein we have n ab le  t o  c o l l e c t  t h i s  much 
phys io logica l  da ta  from i n  f l i g h t ,  and t h i  I think, i n  i t s e l f  i s  c e r t a i n l y  
a monumental achievement t h a t  has r e su l t ed  om over a year ' s  work out 
here between t h e  School of Aviation Medici and from t h e  F l igh t  T e s t  Center 
here a t  Edwards., 

Now, then, what we have attempte o do with t h e  Mercury Astronauts 
i s  t h i s .  We are t r y i n g  t o  give each one hem four  f l i g h t s .  A f l igh t  i s  
of about 50 minutes o r  60 minutes' d u r a t i  
t h a t  they t ake  of f  u n t i l  they land., D u r i  
about a r e e  or poss ib ly  f o u r  parabol ic  f l  maneuvers, which i s  t h e  maneuver 
t h a t  we have t o  f l y  i n  order t o  achieve t 
these  ca lcu la ted  maneuvers, then  we a r e  a 
d i t i o n  f o r  about 50 t o  
Astronauts got fou r  f 
f l i g h t ,  s o  a l l  i n  a l l ,  out here, we wi l l  &a 
abTut 36 f l i g h t s  e 

almost an hour, from t h e  t i m e  
h a t  time we a r e  ab le  t o  f l y  

ightless condition. By f l y i n g  
o produce a weightless con- 

Now, on t h e  first f l igh t  we ha t h e  program s o  t h a t  w e  

period. This g 
ard during t h e  f l ight 

weightless. We want t o  know, i s  t h e r e  from normal? Does he 
tend t o  overshoot, undershoot, o r  what onse? Then we are 
able t o  f ind ,  as t h e  program goes on a t s  are completed, corn- 
par ing  h i s  first and las t  flights, has any improvement i n  h i s  
performance over t h i s  exposure period t l e s s  condition? Does 
he l e a r n  t o  adapt, ad jus t  t o  t h i s ?  Th a lua t ing  the  f o  
type of foods which have been develope 
,h~&&&m~ One type p a r t i c u l a r l y  
by the  Quartermasters, which -- who i s  

I th ink  t h e  Army Quar te r  POWERS: 

DR. HAWKINS: The Army Quartermas t i s  a too thpas te  
type of tube t h a t  maybe one of the  A s t  ble t o  explain h i s  
exact impression of t h i s ,  Then we a r e  e, of course, how 
we a r e  going t o  give water t o  t h i s  ind  of system i s  best 
su i t ed  t o  provide him w i t h  t h e  physiol 
every day. They have had a chance, t hese i t e m s ,  t o  
t es t  them out themselves, s o  t h a t  t h e  lems a r e o  Then 

s t h a t  he must have 

h e d r e s s u r e  s u i t .  
------UrrXl 

you have s p e c i f i c  questions you w i s k  t o  ask 
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i n  maneuvers on t h i s .  

POWERS: Reddy, why d o n P t  you come on 
with your hands, i f  you will, and maybe -- I 

BREDING: ' I don ' t  have powered hands! 

CARPENTER: I ' d  better get out of the  
i n  maneuvers the re  ! (Laughter) 

POWERS: A l l  r i g h t ,  ta lk  us through a 
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~p and 
know 

Kay i n  

f l i g h t ,  

POWERS: The four  

t ioa.and. tm 

DR. HAWKINS: M r -  Miles, no, I ca i g h t  -- e r ,  under 
t h e  study t h a t  has been conducted here schedule t h a t  
we have been working on has been a ver 
t h r e e  f l i g h t s  a day, instrumented, f u l  
is  something which i s  j u s t ,  w e l l ,  j u s t  
extremely ted ious  t a s k  t h a t  requires a 
t o  s top  and -all t h e  data t h a t  
i s  j u s t  impossible. A s  I say, we a r e  not f in i shed .  We have a couple 
more days t o  go, and 
eva lua te  and run co r r  
answer t h a t  you want. 

have been f ly ing  

QUESTION: Can you t e l l  us what p 
g e t t i n g  on your telemetry here? 

DR. HAWKINS: Yes, sir, t h i s  i s  - , w e l l ,  a c t u a l l y  
we a r e  recording t h r e e  leads ,  
and th ree ,  which a r e  standard 
and we are measuring b 
we are measuring t h e  a 
individual,  and t h i s  is a l l  s i  
when we are i n  zero g rav i ty  a 

QUESTION: A t  what a l t i t  

DR. HAWKINS: If I may r 
i s  t h e  p i l o t  from t h e  school, 

f l y  one of these  th ings  
I had t o  f ind  out t h a t  way. 

case you ge t  out of con t ro l  
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BREDING : Well, l i k e  D r .  Hawkins sa: 
minutes approximately. This i s  from take-o: 
period of  time we  have accomplished th ree  tl 
returned and landed. After take-off -- w e l :  
count-down t o  go through, whatever you want 
ment i n  order before we move out t o  t h e  end 
climb, and during the  climb we  a r e  a l s o  chei 
it i s  working w i t h  the ground s t a t i o n .  We I 

f e e t  and a t t a i n  a t  t h a t  t i m e  t h e  highes-i??? 
t h a t  is ,  saving our f u e l  and time, From th: 
over or dive, t h e  purpose of which i s  t o  ag: 
t o o  much a l t i t u d e ,  When we have reached an 
a dive going on down a t  a 30 degree angle o 
feet, somewhere i n  t h a t  area, 5,000 foo t  arc 
A t  t h i s  po in t  we w i l l  have t h e  highest  mach 
we have used, and we w i l l  r o t a t e  t h e  nose u] 
near 55 degrees read from t h e  cockpit -- ( i i  

SHEPARD: At t i t ude  

BREDING : Yes, angle of a t t i t u d e ,  w 
po in t  we -- what we say i n  G , I ,  language, " :  
force,  and when we do, we reduce our power i 

zero G, s o  what we a r e  af ter  a t  t h i s  po in t ,  
no fo rces  a t  a l l ,  ne i the r  upward, downward, 
a s s i s t  us t o  exact t h i s  thing, p lus  our ins- 
m i l l i o n a i r e ' s  golf b a l l  -- ( l augh te r )  -- an( 
r i g h t  -- we have it on a s t r i n g  hanging i n  - 
f loa t ing ;  we are n e i t h e r  p u l l i n g  it nor croi 
know we are a t  a weightless s t a t e .  To a t t a :  

Once we ge t  i n  it, it i s n ' t  so ha: 
ambient a i r ,  t h e  engine i n  t h e  a i rp lane ,  thc 
w i l l  c r e s t  us out on top  a t  various a l t i tudc  
above 35,000 feet ,  We have come out over t l  
Then we are a t  our slowest a i r speed  which wc 
operation. We ge t  our a i r speed  too  low, and 
w i l l  experience an engine compressor s ta l l ,  
we have t o  go over t he  t o p  a t  a c e r t a i n  prec 
usua l ly  no lower than  160 knots,, 

W e  a r e  s t i l l  i n  zero g rav i ty  a t  t l  
over t h e  top; we come down t h e  back slope, - 
weightlessness, t he  weightless state ye t ,  ai 

and we must gain airspeed r ap id ly ,  We have 
up with t h e  golf b a l l  u n t i l  we again come tc 
s ta r t  i n i t i a l l y  our pul l -out ,  and the  angle 
not exceed v e r t i c a l ,  but a t  t imes it w i l l  a: 
maintain t h e  end weightlessness. 
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d, our missions run about 50, 60 
'f u n t i l  landing. During t h i s  
I four parabol ic  curves and have 
, p r i o r  t o  take-off,  we have our 
t o  c a l l  it, t o  ge t  a l l  the  equip- 
of t h e  runway. 
king equipment t o  insure  t h a t  

We take  o f f  and 

s po in t  we go i n t o  a gradual push-- 
i n  increase  our mach without l o s ing  
a l t i t u d e  of 25 t o  20,000 f e e t  i n  

t h a t  we can a t t a i n  i n  t h e  a l t i t u d e  ' 4"  

ward t o  an angle of a t t a c k  of 45. /' 1( 
. t e r rupted)  

4. 

t h  the  nose up. Now, a t  t h i s  
t i c k  it" i n  head t o  t o e  zero G 
,nd con t ro l  it fo re  and a f t  
right a t  t h i s  po in t  there are 
sideways, fore, and a f t .  To 
ruments, we use t h e  old 

w e  keep t h a t  t h i n g  f l o a t i n g  
he cockpit, w e  keep t h a t  t h ing  
.ding it either way, We then 
n t h i s  i s  a jobo 

d t o  hold it, depending on t h e  
mach we en te r ,  w i l l  take us -- 

s .  More than l i k e l y  it w i l l  be 
e top, a good one up t o  45,000. 

can allow f o r  good engine 
s t i l l  operating our engine, 
and t h i s  i s  what we avoid; s o  
etermined airspeed. This i s  

i s  poin t .  W e  r o t a t e  the  nose 
he back s ide ,  and holding 
d a t  t h a t  po in t  we are gaining, 
t o  manipulate our power t o  keep 

a t  t h e  backside w i l l ,  of course, 
most reach it i n  an e f f o r t  t o  

20,000 feet. A t  t h i s  t i m e  we 
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BRXDING: 1 Many th ings  we Each f l i g h t  i s  a d i f f e r e n t  

G forces  on t h e  a i rp l ane  
f l i g h t ,  but t o  f i n i s h  up the  our 20,000 foot  po in t ,  we 
i n i t i a t e  a pul l -out  and we do 
and t h e  engine, WC p u l l  it we can avoid it, a 3 G 
maneuver 

f o r  a 
from zero t o  3 G and hold long we are asked 
t o  do it, and now f o r  t h i s  a minute. This 
gives t h e  number two between 
weightlessness and 

3 G acce lera ted  p a s t  From this po in t  we go 

simulate here and t o  measureo 

POWERS: And t h e  p o s i t i  

i n t o  3 G force  1 
occupant, the  A s  
working t h e  psyc 
Now, t h e  s a f e t y  
cover us, t h a t  i 
c r a f t .  O f  c o w s  
f l y i n g  when he 
t h e  school, L t  
t h a t  are pr imar i ly  f l y i n g  t h e  problem. 

POWERS: Thanks very much. 

BKEDING: Oh, yes,  

s t r i v i n g  a t  t h i s  t i m e  f o r  50 

BFEDING:  : Well, t h i s  ha t  we have. 
I mean, w e  can ge t  -- we are i n t e r e s t e d  
of course, we may exceed t h i s ,  but when he limita- 
t i o n s  of the power available and the ve 

f o r  uso  

t o  a t t a i n ?  

BREDING: : Oh, we've overshot it som but it i s  the  longest period 
t h a t  ever has been a t t a ined ,  yes, by almost 
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POWERS: Y e s ,  

QUESTION: What would you say your mx 

BREDING : Well, we don ' t  have t h i s  
t h i n k  t h a t  we can st 65 seconds. 

I a-* , &-k*"*&Wfi*%,,* ," " 

QUESTION: What has been the normal a v  
obtainable? 

BREDING : Well, it seems t o  me  we a 
years ago, 35 t o  40 seconds was a real  peak 
a i r c r a f t  

QUESTION: Pardon my ignorance f o r  t h e  
now about t h e  ind iv idua l  or the  a i rp l ane?  

BREDSNG: . The a i rp l ane ,  These are 

QUESTION: Now, can you graduate t o  a 
period of weightlessness? 

m D I N G  : A t  the present  tlxrg i s  
There's -- t h e r e  may be a .104  t h a t  m i g h t  ge 
but t h e  e f f o r t s  required t o  f i t  t h i s  a i rp l a  
shadows t h e  -- t h e  requirement, f o r  just 1C 
j u s t  a ca lcu la ted  approach t o  it, They fee 
higher mach number a t t a ined  a t  a c e r t a i n  a l  

POWERS: I suspect Captain Jordan i n  k: 
than a minute, but I doubt i f  we could mana 
hundred and some odd thousand feet t o  get t 

BREDING : We are i n t e r e s t e d  i n  w e i e  
i n  any d i r ec t ion .  And then we multiply t h e  
t o t a l  weightlessness, t h a t ' s  a d i f f e r e n t  t k  

QUESTION: Major, may I ask, would  yo^ 
study up t o  da t e  i n  g e t t i n g  G reac t ions?  

DR. HAWKINS: The most thorough? 

QUESTION: Yes 

DR, HAWKINS: Yes, sir, I would, and a 
by people ahead of me i n  t h i s  game back a t  
f a c t ,  a c t u a l l y  the work started back i n  the  
but I think today t h a t  t h i s  i s  t h e  most con 
put  fo r th .  When you s top  and r e a l i z e  t h e  a 
co l l ec t ed  during t h i s  period of t i m e  -- (i 
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mum has been i n  your b e s t  run? 

u t  we have clocked it and we 

rage p u l l  on the vesse l  

e -- not very long ago, a couple 
load, This i s  with other type 

question, but are you t a l k i n g  

-100F'S 0 

*,~*k**@&??~ ' 

aster a i r c r a f t  and ge t  a longer 

do it. 
> 

e f o r  t h i s  kind o f  work over- 
seconds. Even then t h i s  i s  

i t u d e  
it should do it because of i t s  

s F-104 probably could do more 
e t o  f l y  many f l i g h t s  t o  a 
e t r a i n i n g .  

t l e s s n e s s  now, no fo rces  a t  a l l  
problem. When we t h i n k  of the 

say t h a t  t h i s  i s  the  most thorough 

though a l o t  of work has been done 
he school two years ago -- i n  
School as f a r  back as 1953 -- 
ount of da ta  t h a t  has been R errupted ) 

ehensive e f f o r t  t h a t  has been 
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QUESTION: Major, could you t e l l  us a 
i s  gathered? 

DR. HAWKINS: Well, we have on board 1 

an oscil lograph. A t  t h e  same t i m e  we have 
we a r e  able t o  t ransmi t  t h e  same informati(  
we want, t o  a telemetry rece iv ing  s t a t i o n ,  
of t h i s  same information, s o  w e  have two f t  
r epor t ing  t h i s  information. 

QUESTION: With apologies t o  M r o  Mile! 
ask you a couple of elementary questions? 
Astronaut program a c t u a l l y  -- the  date -- 1 

t h e  da te?  

POWERS: How about you answering t h i s 6  

SHEPARD: I th ink  t h e  t r a i n i n g  prograr 
of t h i s  year, 1959, when we had our f i rs t  3 
t r a i n i n g  s t e p  was t o  meet t h e  p re s s  i n  Was) 

QUESTION: You are back where you stai 

SHEPARD: Back where we s t a r t e d  from 1 
af te r  we moved families and so on the la t t t  
we r e a l l y  got toge ther  i n  Langley F ie ld  us: 
our headquarters, and s t a r t e d  up t r a i n i n g  i 
cont inua l  process, s t e p  by s t e p  process. 

QUESTION: Who would I d i r e c t  a quest: 
one of t h e  seven a c t u a l l y  p a r t i c i p a t e s  i n  - 

POWERS: You mean, when are they goin( 

QUESTION: W e l l ,  t h a t ' s  the: question. 

POWERS: The only t h i n g  we have set a: 
i s  during the calendar year 1961 we expect 
o r b i t a l  f l i g h t  

QUESTION: Who would I d i r e c t  another 
the  opinion t h a t  Russia has a c t u a l l y  a t t e q  
success i n  recent  months? 

POWERS: We don't  have any more inforr 
o r  M r .  Miles o r  any of your a s soc ia t e s  h e n  
c lose ly  and we t h ink  you are probably fami: 
has been going on the  l a s t  two or  three da: 
out of Rome t h a t  t h e  Russians have t r i e d  ai 
Russians on an o f f i c i a l  basis have denied 7 

r e p o r t s  t h a t  they had a program f o r  t r a i n i i  

11 

S t t l e  b i t  of how t h i s  mater ia l  

cord ing  f a c i l i t i e s ,  which i s  
L telemeter t r ansmi t t e r  which 
L o r  por t ions  of it, whatever 
nd  we can ge t  d i r e c t  read-outs 
: i l i t i es  t o  r e l y  upon for 

and Mr. Wainwright, could I 
h e n  did t h i s  program, t h i s  
)t t h e  program, ac tua l ly ,  but 

i nd ica t ing  Shepard) 

started on the 9 t h  of Apr i l  
'ess conference and our first 
.ngton 

;ed from! (Laughter) 

le first t i m e .  Immediately there-  - p a r t  of April ,  and t h a t ' s  where 
ig t h e  NASA f a c i l i t i e s  t h e r e  as 
; t h a t  t i m e .  It has been a 

)n t o  when t h e  -- w e l l ,  when t h e  
le program? 

t o  f l y ?  

far as t h e  timetable i s  concerned 
;o send an Astronaut on a manned 

p e s t i o n  t o  -- does anyone have 
;ed t h i s  same t h i n g  without 

ttion, I don't  think, than you 
, We watch your repor t ing  very 
.ar with t h e  controversy t h a t  
i, where there w a s  a r epor t  
1 l o s t  s eve ra l  as t ronauts .  The 
lis. Earlier t h e r e  have been 
5 astronauts;  later when M r .  Sedov 
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came over t o  t h e  United S t a t e s  and a c t u a l l y  
denied t h a t  they had any such programs, s o  
I don't know, 

SHEPARD: For information j u s t  a little 
Sedov, la ter  on a t  a meeting of the America1 
he was t a l k i n g  t o  Von Braun, and one of t h e  
a t  t h a t  t i m e  was that  they  w e r e  e s s e n t i a l l y  
as we were, the  philosophy t h a t  they  would I 

they  had t h e  f e e l i n g  they  could b r ing  him bz 
i f  they are following t h i s  philosophy they I 

f a c t o r  of 90 out of a 100 before they go, I 
t h a t  business, w e  a r e  i n  the business of pul 
and we can only guess, as you people are doj 

QUESTION: Colonel, again another elew 
t h e  f i n a l  decision which one of the  seven, 1 
t h e  o ther  f i v e  would go? 

POWERS: I suspect i n  the f i n a l  analys; 
d i r e c t o r  of P ro jec t  Mercury f o r  NASA; it wi: 
least  recommend t h e  se l ec t ion ,  I feel t h a t  
t h e  program t o  t h e  nation, t h a t  t h e  se l ec t i c  
a very high level of government, 

QUESTION: May I go back t o  a l o c a l  le7 

me what your r eac t ions  have been t o  these - -  
you have been through zero G before as p i lo l  
a period t h i s  long and what has your genera: 
attempts and the  gizmo -- 

CARPENTER: Ooko,  I w i l l  s tar t  with thf 
A 1  has, 
d i f f i c u l t  i n  t h e  weightless condition than j 
i s  just my personal impression, We don't  hE 
e i t h e r ,  but it doesn't seem. t o  be a problem 

I w i l l  l e t  him t a l k  about ea t ing .  

QUESTION: Is t h e r e  any p a r t i c u l a r  feel  
I have been t o l d  by p i l o t s  before t h a t  zero 
sometimes makes h i m  feel  light-headed; i s  t l  
f e e l i n g  t h a t  you have i n  your zero G t o  thiz 

CARPENTER: None a s  far as I a m  coneerr 
too, but everyone doesn9 to  I th ink  t h e r e  a1 
might make s i ck ,  It didn't happen t o  make P 
you can -- i f  you are given a task tha t  take 
t i o n ,  t h i s  is enough t o  make you completely 
condition. 

QUESTION: FIas t h a t  been your fee l ing ,  

12 

i s i t e d  Langley Field,  he 
can ' t  answer your question. 

b i t ,  s ince  you mentioned 
Rocket Society i n  Washington, 
o in t s  he made c l e a r  t o  him 
dopting t h e  same philosophy 
t send a man i n t o  space u n t i l  
k successfully.  Apparently 
e shooting for a r e l i a b i l i t y  
i t e  frankly, we are not i n  
i n g  hardware i n  the sky, 
€3. 

t a r y  question. Who would make 
Carpenter, M r o  Shepard, or 

M r ,  Robert Gi l ru th  i s  the 
be h i s  r e s p o n s i b i l i t y  t o  a t  

w i l l  probably be confirmed a t  
n v i e w  of t h e  importance of 

1 f o r  a minute? 
t o  these zero G tests? I know 
., 
reac t ions  been on t h e  food 

Could you t e l l  

Have you ever been through 

gizmo. I haven't ea ten  yet; 
t doesn't appear t o  be any more 
i s  i n  t h e  1 G condition. T h i s  

e access t o  t h e  da ta  ye t ,  
o f a r ,  

ng? Ear ly  i n ' t h i s  Mercury program, 

re any p a r t i c u l a r  phys io logica l  
ex ten t  of t i m e ?  

sometimes makes a man sick,  

d o  Some people ge t  seasick, 
probably some t h a t  zero G 
s ick  It 's  unnoticeable; 
, say, 25% of your concentra- 
naware of the weightless 

007 ( Ind ica t ing  Shepard) 
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SHEPARD: Q X r i f i c .  I had chopped bee1 
Pas asltyo A s  a mat 
a b i t  of breakfas t  and thought t hese  guys mj 
t h a t  wasn't quite s o  t a s t y ,  bu t  I a t e  more t 

13  

CARPENTER: H e  a te  what w a s  supposed t c  

SHEPARD: Y e s ,  q u a l i t a t i v e l y  speakin or  the moment, because we 
haven't seen the day yet,  e i t h e r ,  it i s  a r y  comfortable sensation, and 
there is  no obvious r e s t r i c t i o n  t o  any of 
1 G conditions as opposed t o  those under o G conditions. I think, 
maybe t o  c l a r i f y  your question about t h e  asy f ee l ing ,  t h i s ,  t o  my know- 
ledge a t  least, has occurred pr imar i ly  i n  e C - 1 3 1  a t  Wright-Pat, where 
t h e  parabola is  the same e s s e n t i a l l y ,  b u t  ' s  flown i n  a l i t t l e  more abrupt 
manner. Now, t h e  100 has b e t t e r  p e r f o r m  and s o  it goes through a longer 
parabola, itOs a higher G a i rp lane ,  s o  y an do more th ings  more smoothly 
and abrupt ly  -- er, more smoothly and g r  l l y ,  whereas t h e  131 i s  kind 
of an abrupt thing, and I t h i n k  most of d i f f i c u l t y  most people have 
had there, though none of us had it, i s  cont inua l  slamming back i n t o  
t h e  f l o o r  of t h e  cabin af ter  they  f i n i s  he zero G trajectory., They 
bounce around qu i t e  a b i t ;  they were no d down as we a r e  here i n  the 
loo's, and I th ink  t h i s  may c l a r i f y  tha  

e movements t h a t  you make under 

SHEPARD: I ate what was supposed t o  be 

QUESTION: 

SHEPARD: No, apparently -- of course, 

Was t h e r e  any d i f f i c u l t y  SWE 

chunks of food, We are working with several 
baby food, i f  you want t o  c a l l  it t h a t  t o  re 
and you squeeze it i n  your mouth, you can ei 
depending on how hungry you are and what rat  
once you ge t  it i n s i d e  and get t h e  muscles T, 

muscular movement from there on down, Same 

di re$Aon of your mouth 
"----,.irnrrr- If" ̂ L .  

QUESTION: 

SHEPARD: You can do e i t h e r ,  or squirt 

You put t h e  b o t t l e  i n  your n 

goes stra.i&.t out. There i s  no parabola t r s  
it goes r i g h t  s t r a i g h t  out, and once you get 
s e t .  Here again, t h e  muscular ac t ion  takes  

QUESTION: Apparently automatic, then, 

t h i s  morning,.out+ O.g.*,a tooth- 
e r  of f a c t ,  I had ea ten  q u i t e  
h t  have given me something 
an my share. 

be mine! (Laughter) 

h i s  

lowing? 

e have not worked with any l a r g e  
fi ifferent s i z e s  or gra ins  of 
e r  t o  it f o r  comparative s i zes ,  
h e r  squeeze or suck o r  both, 
you want t o  take it i n ,  and 

rking, then  it i s  purely a 
hing with t h e  water, t h e  water 
h&&QB$ g 

get 

was a 
r t  up or dom S"P"'sltTeways, 

nozzle* +a,&he general  
~ . ~~ I %I 

uth or -- ? 

t, because when you s q u i r t  it 
sctory,  so when*you'sqrtirt it 
the aiming poin t  you$re a l l  
t r i g h t  on down. 

he a c t u a l  swallowing process? 
LIIPPtlli.u,ali\ xL 
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SHEPARD: Five and a h a l f  minutes. 

QUESTION: Five and a half  minutes:! 

SKEPARD: Yes, T h i s  i s  a -- here again, 
ana lys i s  of weightlessness, it might be 
A s  far  as t h e  gauges are concerned, I th ink  
as  a c r i t e r i a .  

14 

Y e s ,  you no t i ce  no d i f f e renc  e It is  not uncomfortable; 
uneasy f e e l i n g  a t  a l l  i n  g e t t  ng it down i n  your tummy. 

i f  you ask us i n  a q u a l i t a t i v e  
anyt i ing  between p l u s  or minus u O 5  G. 

they are shooting f o r  about .02 G 

SHEPARD: 
you no t i ce  no 

man i n  o r b i t  f o r  extended periods of t i m e  of 
feel  l i k e  t h a t  within a sho r t  period of one 
f o r  t h e  body's normal responses t o  make an 
under which it f inds  i tself ,  that  we can 

QUESTION: You don't  do t h i s  w i t h  a p ssure s u i t  on, though, do you? 

SKEPAXD: Well, we a c t u a l l y  d i d  it w i  
The f a c e g l a t e  was ogened and: W.tt'bBk ft t 

% x t % e r * h e a n s  of doing it, of course, i 
lock i n  t h e  face  p l a t e .  This has been tri ore; a l s o  with a p l a s t i c  
tube t h a t  will come i n  t h e  face p l a t e .  W i  i r l y  small hole you can 
ge t  the tube i n  t h e r e  and maintain t h e  p r e  
you squeeze and suck t o  get it in .  

L * .*.A" *r  

want t o  provide a pressure 

e i l i n g  and a c t u a l l y  there 

POWERS: Actually t h e  condi t ions  we a 
t h a t  w i l l  be encountered &-&&a@ awzw.1 2r 

hours or days. Now, then, I 
riinute t h a t  t h i s  i s  long enough 

adjustment t o  t h e  new condition 
eva:-uate wnat changes w i l l  probably 

with 

e l i f e  support s y s t  t i o n a l ,  t he  man will 
r+-aE .his suit i s  co 
ocedure ,, 

h {he ^face p l a t e  

QUESTION: The first real  I mean extended experience, 
weightlessness w i l l  be t h e  o r i g i n a l  

QUESTION: And how long do you feel  be weightless? 

CARPENTER: For us 

QUESTION: I would l ike t o  ask the  doct r one 
Major, what r e l a t ionsh ip  do you feel  t h e r e  i t o  a 
t o  f i f t e e n  minutes? Do you th ink  t h a t  you c n ge t  
r eac t ions?  How do you f igu re  on ex t r apo la t i  g t h e  
f i f t e e n  minutes or f i v e  minutes or four and h a l f  i more question, i f  I may. 

minute of weightlessness 
a proper ana lys i s  of t h e  
extension of t h i s  f o r  
hours? 
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POWERS: I would l i k e  t o  po in t  o u t  j u s  one o the r  th ing ,  t h a t  w e  are 
acqui r ing  i n  connection with P ro jec t  Mercur as a r e s u l t  of t h i s  f l i g h t  

i operation, s ince  we a r e  t r ansmi t t i ng  teleme 
we are acqui r ing  experience on t h e  p a r t  of 
medical personnel i n  watching t h a t  telemetr 
have t r ied on a couple of these -- w e l l ,  ev  
example, under weightlessness, and we are us 
becoming standard P ro jec t  Mercury p i l o t  repc 
again, are coming down i n t o  t h e  telemetry CE 
recorded on t ape  s o  t h a t  we can b r ing  it bac 
headquarters a t  Langley and use t h e  t apes  t k  
t r a i n  a l l  t h e  people who w i l l  be involved i r  
as t ronaut  f l i g h t s  i n  the Mercury capsule, s c  
t r i p l e  or quadruple-edged program, The Schc 
acqui r ing  da ta  t h a t  they  would l i k e  t o  have 
it. Our as t ronauts  a r e  f l y i n g  under zero G 
s e lves  with t k r t s e  conditions.  We are acquir 
and we are acqui r ing  base material t h a t  we c 
ment organization a t  Langley t o  t r a i n  other 
monitoring t h e  e n t i r e  system. 

QUESTION: A r e  you --now your 
or w i l l  you s t i l l  have an  advanced phase thE 

POWERS: Well, t h i s  week winds up t h i s  
unless Dr. Hawkins and h i s  people can come L 
give us something i n  t h e  order of 3 or  4 or  
as we are now ge t t ing ,  I suspect our next e> 
a Redstone booster.  R i g h t ?  

CARPENTER: That ' s  cor rec t  

QUESTION: What will be t h e  next t e s t  f 
f l i g h t ?  Do you have any more set up i n  your 
experiences; what would be next? 

PbwERS: Not a t  zero G ,  

QUESTION: No,  but what would be t h e  ne 
we say? 

POWERS: Well, f o r  t h e  next s eve ra l  mor 
be involved i n  working out t h e  pressure  s u i t  

v-."+...a-. **.* 

SHEPARD: That 's  cor rec t .  We have had 
machines, which, i f  you are familiar with it 
sa!Xl%tor t h a t  f l i n g s  you around t h e  room, t 
had some of t h a t  i n  f l i g h t  here, a s  Shorty 
t o  t r y  t h e  combination of our pressure  s u i t e  
using i n  t h e  capsule and which i s  being and 

y back t o  a telemetry center ,  
r f l i g h t  surgeon and other 
and observing t h e  data.  We 
y man has t r i e d  t o  t a l k ,  f o r  
ng t h e  standard or what i s  
t transmissions. These, 
t e r  and t h i s  i s  a l l  being 

t we have acquired here now t o  
monitoring t h e  Mercury 
we  are -- t h i s  i s  kind of a 
11 of Aviation Medicine i s  
e r y  much, and they a r e  g e t t i n g  
onditions t o  f ami l i a r i ze  them- 
ng da ta  f o r  our own purposes 
n t a k e  back now t o  our manage- 
eople i n  the techniques of 

t o  NASA t o  our space task  group 

hase of t h e  t r a in ing ,  and 
with a new a i rp l ane  t h a t  will 
times a s  much weightlessness 

e r ience  w i l l  be on the t i p  of 

lr these  fellows before t h a t  
program, s h a l l  we say 

t phase of t h e i r  t r a in ing ,  s h a l l  

hs  I thinlsTye are going t o  
business, a r a .  not? 

---r**v 

ome t r a i n i n g  on t h e  cent r i fuge  

a t  s o r t  of thirlg. W e  have 
in ted  out ., We-are--~ost anxious 
and the  couch which we w i n % -  
as been and "is being molded 

~ ..e"- ------&,<---c.-- 

i s  t h e  oversize cream 
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configured f o r  an ambient a i r  pressure e q d l  
our f l ight environment, 5 p s i  absolute.  

QUESTION: So f a r  a s  your tests i n  t h e  
normal f l ight pos i t i on  and not on the  couch,, 

SHEPARD: No, i n  a r ec l in ing  pos i t ion .  

QUESTION: It has been on a couch? 

t o  27,000 f e e t ,  which i s  

centr i fuge have been i n  t h e  
then? 

SHEPARD: That 's  right, but t h e  couch 
of s u i t  on ( ind ica t ing  orange-colbred f l y i  

s u i t  i s  l a r g e r  SO we need 
That ' s  t h e  first s tep.  

chines where you ac tua l ly  p 
cont ro l le r ,  s ide  arm hand con t ro l l e r ,  a r o  
matched through a computing system aga ins  
and moment of i n e r t i a l  parameters of t h e  
It i s  similar t o  -- w e l l ,  it is  a g l o r i f i  
operat ional  t r a i n e r  a s  we know it nowo W 
computer. We have more t o  l e a r n  about t h  
going t o  be tak ing  a very c lose  p a r t  i n  t 
Redstone, and, of course, f i n a l l y  t h e  f l i  

What controls  w i l l  you ha QUESTION: 

SHEPARD: The primary means of controll.ing 
axes of r o l l ,  p i tch ,  and yaw a r e  through t h e  
which a r e  located i n  such a pos i t i on  on t h e  
with a couple, a r o l l i n g  couple, a p i tch ing  
t h i s  i s  not a pure s ing le  j e t o  

QUESTION: 

SHEPARD : 
p i l o t ,  through 
hand c ont r ol e 

QUESTION : 

SHEPARD: 

t h e  capsule around i t s  three 
use of hydrogen peroxide je ts  

outside of t h e  capsule t o  f i r e  
couple, or a y a a n g  couple; 

Urn-hum -- 
And these  a r e  
a fly-by wire 

Its t h i s  hand 

control led e i t  er  through an automatic 
system, or str igh t  mechanical t i e - i n  from the  

auto- 

cont ro l  s imila  t o  t h e  one we know i n  t h e  X-151 

It i s  s i m i l a r Y  Our cont ro ls  /run th ree  axes, and t h e i r  
cont ro ls  run two. 

~ 

POWERS: A good b i t  of t he  Astronauts'  ime i n  t h e  next f e w  months w i l l  
ing  contr ibut ions t o  t h e  1 

I ~ 1-* 

be absorbed i n  the process of d i n g  
Each Astronaut has been sssigned 

and navigat ional  a ids .  
I n  these special ized panels composed of NASA 
people and are involved i n  t h e  

area is  t h e  
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p a r t i c u l a r  system under study, and they engineers, ac tua l ly  
making a contr ibut ion t o  t h e  developmen 
and t h i s  will be -- as these i t e m s  now own toward the de l ivery  l i n e ,  
de l ivery  point ,  t h i s ,  I think,  w i l l  bec re time-consuming than it has 
been i n  the  p a s t ,  

oduction of these  systems, 

QUESTION: A f t e r  one man has been r does go i n t o  t h i s  o rb i t ,  
o r b i t a l  program, what will be t h e  fut  

SHEPARD: We a l l  f a l l  on our swo 

QUESTION: W i l l  there be f u t w p  s f o r  these men, o r  what 

other six men then? 

ac tua l ly  is  t h e  f ee l ing  there?  

POWERS: The only th ing  w e  have now i s  Project  Mercury. 
Now, t h i s  i s  not t o  say t h a t  we aren '  
more sophis t icated systems, l a r g e r  space les, deep space penetrat ions.  
A s  f a r  as t h e  fu tu re  of t h e  seven men a r e  
any more about their  fu tu re  than I d n t  on t h a t  i f  you l i k e ,  
Scot t  0 

n t o  the  fu tu re  i n t o  

erned, I don't  th ink  they know 

SHEPPSID: It looks l i k e  we will a l l  a r i d e  i n  Mercury, I mean. 

CARPFJITER: You can f a l l  on yo t o  s t i c k  around f o r  
t h e  second t ry!  (Laughter) It l o  a r i d e  within the  
confines of Mercury, e i ther  a Reds and I think i t ' s  
p r e t t y  safe  t o  say t h a t ,  i f  they 
business from here on out i 

11 be i n  the  space 

POWERS: I think it would be y, what we are 
doing again w h i l e  we a r e  conducti ing  another, an 
addi t iona l  na t iona l  resource i n  t 
who w i l l  have space f l ight  experience 

engineer-pi lots  

SHEPARD: 

QUESTION: 

QUESTION: W i l l  t he re  be a u t s  t o  r e tu rn  

N e x t  s t ep  i s  an i 

Back t o  t h e  desk, huh? 

t o  Edwards f o r  any type of t es t  
way 

11 put it t h a t  

POWERS: W e  don't  have 

CARPENTER: We have not 

QUESTION: W e  a r e  seei 

CARPENTER: Th i s  I w i l  

QUESTION: Well, I ' m  s 
of speaking, i s  it d i f f i c u l  
i n  zero G? 



re 

of 
G, 
t h e  r ich ,  b e l l - l i k e  tones a s  they a r e  received 
ce r t a in ly  I had no t rouble .  (Laughter) 

QUESTION: 

SHEPARD: No, apparently not.  

QUESTION: 

They had no d i f f i c u l t y  i n  

You say you t ransmit ted a 
reading i t ?  

SHEPARD: Yes, what might be a f l i g h t  
s t a t i o n s  a s  you went over i n  o r b i t a l  f l ight 
t i ons ,  conditions o f  the i n t e r i o r  of t he  

18 

SHEPARD: No. I had t h a t  f l i gh t  today I transmitted a passage 
-- not from Shakespeare -- a t y p i c a l  f l i  a t  1 G and then zero 
and there i s  no not iceable  difference.  be some d i f fe rence  i n  

18 

on t h e  ground, but  

r iad ing  you from t h e  ground? 

passage. You mean you were 

:report t o  one of t h e  t racking  
a s  t o  a l t i t u d e ,  f u e l  condi- 

ca-2in, and t h a t  s o r t  of thing. 

QUESTION: Another elementary question,, 
scheduled t o  emanate from on t h e  ground? 

POWERS: The launch of the o r b i t a l  
t h e  missions will be from Cape Canaveral, 
o f f  t h e  At lan t ic  Missile Range i n  t h e  South 

QIIESTION: Is  General Yates going t o  

POWERS: You would have t o  ask General 

SHEPARD: I n  the nose cone? (Laughte::) 

QUESTION: One more question. How f a r  
missile t ake  you? 

CARPENTER: 1.05 miles up and 250 out, 

POWERS: These a r e  approximations. I 
rounding it off  a t  about 100 miles. 

QUESTION: Scot t ,  have you done any 
weightless condition? 

CARPENTER: No,  only t h e  ones we have 
include navigation, bu t  it includes mental 
t o  bel ieve t h a t  a navigat ional  problem woulc. 
what we have been doing here.  

colonel: Where i s  the  Mercury 

missions, w e l l ,  t h e  launch of a l l  of 
Florida,  and our recovery area i s  

At lan t ic .  

1?t t h e  press in?  

Yates on t h a t .  

and how high will the  Redstone 

:,pproximately. 

';hink you would be safe i n  

navigat ional  problems i n  t h e  

ta lked  about here,  which doesngt 
tasks .  There is no reason 

be any more d i f f i c u l t  than 
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i 
~ 

of you again,  Thank you very much. 

(Thereupon, t h e  Press Conference w a s  concluc 

19 

C A R P E m  Control 

t o  l i v e  with t h  lack of gravi ty .  ---. ,vnmmmhil?w,!r 

SHEPARD: I t ' s  a rea 
change a f t e r  f i gh t ing  t h e  
and come out here and a c t  

SHEPARD: A s  
t o  18 G ' s .  

for about an hour and f o r t y  minutes, 
you f o r  coming, and hope we have been respo s ive  t o  your inqui r ies .  When 
we get  back t o  the  w e s t  coast ,  and I a m  sur 1 we will come back one way or 
another -- we kind of l i k e  it out here -- we look forward t o  seeing a l l  

POWERS: Unless there a r e  other  ques t i  ns, we have now been a t  it 
On be alf  of NASA we want t o  thank 

?d).  
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VANGUARD I11 TRANSMITTERS 

The t r a c k i n g  and t e l e m e t r y  

s a t e l l i t e  became s i l e n t  l a s t  weekend, 

Launched September 18, the  Vanguard 

and s c i e n t i f i c  d a t a  over  a pe r iod  of 

z i n c  bat ter ies  had a nominal l i f e t i m e  

The Vanguard 111, t h e  l a s t  experiment 

instrumented t o  measure t h e  e a r t h ' s  

sun, and environmental  cond i t ions  i n  

i c e  cream cone -- a 26-inch t ape red  

sphere  -- t h e  s a t e l l i t e  was f a b r i c a t e d  

The instrumented payload weighs 50 

cas ing  weighs an a d d i t i o n a l  50 pounds. 

During i t s  t r a n s m i t t i n g  l i f e t i m e ,  

ima te ly  30,874,000 miles  i n  i t s  938 

t r a c k  s t a t i o n  a t  Sant iago ,  Chi le ,  was 

s a t e l l i t e  a t  9:Ol a.m., EST, December 

came from Woomera, A u s t r a l i a ,  which 

a t  5:39 p.m., EST. 

The ncw s i l e n t  s a t e l l i t e  i s  

40 yea r s .  

For  Immediate Release 
December 16, 1959 

NOW SILENT 

t r a n s m i t t e r s  w i t h i n  t h e  Vanguard I11 

accord ing  t o  NASA s c i e n t i s t s .  

I11 t r a n s m i t t e d  t r a c k i n g  s i g n a l s  

$5 days.  The s a t e l l i t e ' s  s i l v e r -  

of 90 days.  

i n  t h e  Vanguard s e r i e s ,  was 

magnetic f i e l d ,  X-rays from t h e  

space.  Shaped l i k e  an over-s ized 

tube  extending from a 20- inch  

of magnesium and f i b e r g l a s s .  

pounds; t h e  at tached.  t h i r d - s t a g e  

Vanguard I11 t r a v e l e d  approx- 

o r b i t s  around t h e  e a r t h .  The m i n i -  

t h e  l a s t  t o  i n t e r r o g a t e  t h e  

11. The l a s t  t r a c k i n g  r e p o r t  

Ficked up s i g n a l s  the same day 

expected t o  remain i n  o r b i t  up to 

. J . .... .~ . .. .. . I_.__.__I....__.I__ .____I - . ... ". . I  . . . ,. . 
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Telemetry r eco rds  from t h e  s a t e l  

s t a g e s  of process ing  and a n a l y s i s .  H 

with t h e  experiment r e p o r t  t h e  q u a l i t  

have been excellent. 

- END 

- t e  a r e  s t i l l  i n  t he  e a r l y  

fever,  s c i e n t i s t s  connected 

and. q u a n t i t y  of d a t a  rece ived  
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earth and Venus. 

The scientific package contains 
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inch spheroid with four solar cell ' '1 
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field and temperature information. 

A new firing date for this probt 
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117, 1959 -- ' ihe launching of 8 

led becau-;e of electronic problems 

nstrumented payload. The launch- 

#signed to explore space between 

. U:i' ' ii0-watt transmitter designed 

I miles out in space. The 26- 

.ddlewheels" jutting from its 

.cromet eorite, radiation, magnetic 

has not been scheduled. 
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e x p l o r a t i o n  of space.  I would e t o  r e f e r  back, as a s t a r t i n g  

po in t ,  t o  a ser ies  of tests whi r e  perfomed i n  1949 under  

t h e  sponsorsh ip  of t h e  Army O r  Department under  t h e  code 

name, "Bumper." This p r o j e c t  r r i e d  o u t  j o i n t l y  by the 

J e t  Propuls ion Laboratory,  t h e  a1 E l e c t r i c  Company, a d  

the Douglas A i r c r a f t  Company. e o b j e c t  of the p r o j e c t  was t o  

launch a Wac Corporal  uppe r - s t  

s t r a t e  a pro to type  h igh-per f0  mul t i - s t age  rocke t  v e h i c l e  

system. As you may r e c a l l ,  t e c t  was e n t i r e l y  s u c c e s s f u l  

i n  demonstrat ing t h e  f e a s i b i l  s e v e r a l  unproved Concepts: 

t h e  staging of rocke t  v e h i c l e  h a l t i t u d e s ,  t h e  u t i l i t y  

of a b l a t i v e  m a t e r i a l s  f o r  pro from a e r o d y l m i e  hea t ing ,  

and a method of s t a b i l i z i n g  r ope l l ed  v e h i c l e s  ope ra t ing  

i n  t h e  vacuum of space.  One o a t  s i g n i f i c a n t  i n t e r p r e t a -  

t i o n s  of t h i s  t e s t  t o  t h e  eng amiliar w i t h  t h e  work was 

t h e  f a c t  that  the t e s t  showed e r e  were no longer any 

pure ly  sc j ten t i f  i c  b a r r i e r s  t o  s t m c t i o n  of v e h i c l e s  

capable  of  space f l i g h t .  The was engineer ing .  

In t h e  gene ra l  atmospher l i n g  at t ha t  time, t h i s  

most s i g n i f i c a n t  r e s u l t  could announced from t h e  house 

tops. Indeed, pub l i c  d i s c u s s  paze a c t i v i t i e s  was con- 

s i d e r e d  a t  that  t i m e  t o  be i n  poop t a s t e .  It was only  

within t h e  pr ivacy  of Some sc  arid englneer fng  fns t i t u -  

t i o n g  such as R a n d  o r  the J e t  ion Laboratory, t ha t  t h e  

s i g n i f i c a n c e  of space was d i m  i zed .  1 say"dimly," even 

though JPL, working f o r  t h e  N Rand, f o r  t h e  A i r  Force,  

had a l r eady  made s t u d i e s  of 



Within t h e  United S t a t e s  t h  

t h e  a c t i v e  e x p l o r a t i o n  of space 

when t h e  P res iden t  announced t h a  

p a r t i c i p a t i o n  i n  t h e  I n t e r n a t i o n  

a t tempt  to l aunch  a t  l e a s t  one s 

s a t e l l i t e  i n t o  an o r b i t  around t 

per iod .  In our planning t o  c a r r  

decided t o  do t h e  work on the SIT 

as a demonstrat ion of t h e  f e a s i b  

as a r e a l  beginning of t h e  explo 

The nex t  c r i t i c a l  s t e p  i n  i 

f o r  t h e  exp lo ra t ion  of space cam 

passage of t h e  Nat iona l  Aeronaut 

Act e s t a b l i s h e d  t h e  Nat iona l  Aer 

t i o n  and, as a m a t t e r  of na t iona  

"plan, d i r e c t ,  and conduct" such 

f o r  t h e  e x p l o r a t i o n  of space."  

ou t  t h e  e x p l o r a t i o n  of -space whi 

c h a r t e r  of NASA, and i t  i s  t h i s  

NASA t o  make s i g n i f i c a n t  c o n t r i b  

t h e  s e c u r i t y  of t h e  n a t i o n  -- i n  

The long-term s e c u r i t y  of o 

r e t a i n  t h e  c l ima te  of i n t e l l e c t u  

i n  t h e  p a s t  has  been such an imp 

s t r e n g t h  -- a f a c t o r  that  has pr 

first d e f i n i t e  s t e p  toward 

lccurred i n  t h e  summer of 1955 

we would, as par t  of our  

.1 Geophysical Year a c t i v i t y ,  

i e n t i f i c a l l y  ins t rumented  

le earth dur ing  t h e  1957-1958 

' o u t  t h i s  commitment we 

l l e s t  s i g n i f i c a n t  s c a l e ,  more 

l i t y  of space a c t i v i t i e s  than 

lation of" space.  

augura t ing  a n a t i o n a l  program 

t h r e e  y e a r s  l a te r  w i t h  t h e  

c s  and Space Act of 1958. The 

n a u t i c s  and Space Administra- 

po l icy ,  d i r e c t e d  NASA t o  

" a c t i v i t i e s  as may be r equ i r ed  

t is  th i s  i n s t r u c t i o n  t o  c a r r y  

h i s  t h e  unique f e a t u r e  of? t h e  

e s p o n s i b i l i t y  which r e q u i r e s  

t i o n s  over  t h e  long tern t o  

a new way. 

r country r e q u i r e s  tha t  we 

1 v igor  and v i t a l i t y ,  whlch 

rtant element of OUT n a t i o n a l  

duced and has a t t r a c t e d  the 
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b e s t  e f f o r t s  of mankind everywhe The dimly f e l t  b u t  

undeniably impor tan t  long-term r Its  of the e x p l o r a t i o n  of 

space must be expected t o  a f f e c t  rongly  t h e  i n t e l l e c t u a l  l i f e  

of a l l  mankind, and we i n  t h e  Un d S t a t e s  must play  a mspon- 

s i b l e  r o l e  i n  exp lo r ing  th i s  ne o n t i e r  f o r  t h e  b e n e f i t  of 

humanity. 

We have by now c a r r i e d  o u t  e r  of experiments  which 

have c l e a r l y  demonstrated t h e  f i t y  of ope ra t ions  i n  

space.  Our s c i e n t i f i c  r e s u l t s  e s e  experiments  have con- 

vinced u s  that  space i s  an i n t e  l l y  f r u i t f u l  environment 

f o r  s c i e n t i f i c  experiment,  For e ,  Explorer I, whose 

s u c c e s s f u l  launching i n -  January 

n a t i o n a l  commitment t o  t h e  IGY, o n s t r a t e d  that  OUT under- 

s tanding  of the o u t e r  peaches o a r th ' s  atmosphere was f a r  

from c o r r e c t .  A s  a consequence f our la ter  f l i g h t s  have 

been ins t rumented  t o  explore  in.  d e t a i l  t h e  g r e a t  radia- 

t i o n  b e l t s  surrounding t h e  E a r t  ave a l s o  taken  OUT" f irst  

s t e p  beyond t h e  g r a v i t a t i o n a l  f t he  Earth w i t h  our  

Pioneer  bv space probe, launche 

about  t h e  sun. 

ormally f u l f i l l e d  our 

While we have had many sue d have produced m c h  

s i g n i f i c a n t  s c i e n t i f i c  in format  a c t i v i t i e s  have n o t  

been f u l l y  satisfying because of a c t i v i t y  i s  small 

and limited i n  comparison with r only competitor, the 

USSR. The Sovie t  space explor  m, presumably, was 

fo rma l ly  organized  i n  1954 whe erdepar tmenta l  

- ~ ~ ~. ..... . . *  1 , . . . . .  . . . .. _ .  - .. .. . .. .. .. . . .. . .. 



Commission f o r  I n t e r p l a n e t z r y  C i c a t i o n  w a s  e s t a b l i s h e d  -- 
f o u r  y e a r s  be fo re  NASA was c r e  It i s  now ev iden t  t h a t  t h e i r  

i n i t i a l  planning c a l l e d  f o r  an s s i v e  space program so  tha t  

h igh ly  s i g n i f i c a n t  exp lo ra to ry  ments could be boosted i n t o  

space.  I n  e f f e c t ,  they bypass l e t e l y  t h e  smal l - sca le  

f e a s i b i l i t y  demonstrat ion -- t ard phase -- which was 

our  i n i t i a l  s t e p .  

At t h e  p re sen t  t ime our  or t h e  e x p l o r a t i o n  of  space 

has two p r i n c i p a l  f e a t u r e s  : i n t e r i m  c a p a b i l i t i e s  

c r e a t e d  on a shor t - t e rm basis l i m i t e d  u s e s  they  permit ,  

(2)  p repa ra t ion  of more v e r s a  

c a r r y  u s  i n t o  a sound program long hau l .  Both of t h e s e  

a c t i v i t i e s  a r e  e s s e n t i a l .  Fo , i f  we were t o  r e f r a i n  

from us ing  t h e  i n t e r i m  v e h i c l  l y  concen t r a t e  our  e n t i r e  

e f f o r t  on long-term p r e p a r a t i  e f u t u r e ,  n o t  only would 

our p o s i t i o n  i n  t h e  i n t e r n a t i  a be more g r e a t l y  

jeopard ized ,  b u t  , t e c h n i c a l l y ,  would have probably missed 

some of t h e  s c i e n t i f i c  f a c t o r  ay wel l  be of g r e a t  

s i g n i f i c a n c e  i n  gu id ing  t h e  c our  f u t u r e  a c t i v i t i e s .  

On t h e  o t h e r  hand, i f  we were t ra te  our  e n t i r e  a t t e n t i o n  

on t h e  e x p l o i t a t i o n  of our  p r  t e d  c a p a c i t i e s  w i t h  no 

e f f o r t  spen t  on p repa r ing  mor t and more capable  

equipment f o r  t h e  f u t u r e ,  we l aced  i n  an even l e s s  

defensible  posi t ion.  Maintai per  balance between 

t h e s e  two a c t i v i t i e s  i s  conse e of our  most s e r i o u s  

problems. 

powerful equipments t o  
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In orde r  t o  se rve  our i n t e  eeds  f o r  space v e h i c l e s ,  we 

are us ing  t h e  upper -s tage  rocke veloped under  t h e  Vanguard 

and J u p i t e r  C programs. Thus i t i a l  ven tu re  i n t o  space 

i s  dependent on t h e s e  sma l l e r  s and the l a r g e r  I R B M  

b o o s t e r  r o c k e t s  developed as p our  m i l i t a r y  e f f o r t .  For 

example, we have combined t h e  g c l u s t e r  of s o l i d  propel -  

lant r o c k e t s  used  on Explorer  the J u p i t e r  I R B M  to c r e a t e  

what we now c a l l  t h e  Juno I1 v The upper  s t a g e s  of t h e  

Vanguard have been combined w i  Thor IRBM t o  c r e a t e  t h e  

Thor-Able and t h e  Thor-De 

The l a r g e s t  s c i e n t i f i c  p have up  t o  t h i s  date 

p laced  i n  o r b i t  a r e  t h e  90-PO er V I 1  payload, launched 

by a Juno 11, and t h e  142-PO r V I  payload launched by 

a Thor-Able. Somewhat l a r g e  have been launched i n  

t h e  Discoverer  series; howe somewhat larger payloads 

a r e  p o s s i b l e  only i n  very  1 s h o r t - l i v e d  o r b i t s  which 

are n o t  we l l  s u i t e d  f o r  mos nce experiments .  

One way t o  compare t h e  ss of t h e s e  i n t e r i m  con- 

f i g u r a t i o n s  w i t h  more appro igned equipment i s  t o  

no te  t h e  r a t i o  of' takeoff'  l oad  weight .  For t h e  

142-pound Explorer  V I ,  t h e  t 750 to 1. A p rope r ly  

propor t ioned  t h r e e - s t a g e  v u r  c u r r e n t  l e v e l  of 

technology, t h e  same as t of our  l a r g e  m i l i t a r y  

v e h i c l e s ,  would have t ake  ayload weight r a t i o  of 

40 o r  50 to 1; that  is ,  l o i t a t i o n  of t h e  boos te r  

. .__.I .̂ I_. .. . - .* 1 .. -. . ... ... .. . _I . . . . .. . .- . - .. ._ .. .. .- -. - . . . .  . 



veh ic l e  i n  s a t e l l i t e  orbits i s  than 10% e f f e c t i v e .  simi- 
l a r l y ,  t h e  Pioneer IV had a n e t  

f o r  a r a t i o  of about 8000 t o  1. sin, a properly. p ropor t ioned  

v e h i c l e  would produce a r a t i o  o 

e f f i c i e n c y  of e x p l o i t a t i o n ,  i n  case,  i s  thus  l e s s  than  3%* 

These r a t i o s  show c l e a r l y  our  p r e s e n t  ope ra t ions  a r e  

n o t  p r imar i ly  l i m i t e d  by t h e  s i  

r o c k e t s  -- even though i n  t h e  1 run  we r e q u i r e  s u b s t a n t i a l l y  

l a r g e r  b o o s t e r  rocke t s .  Our p 

i n  t h e  f a c t  t ha t  we do n o t  hav a p p r o p r i a t e l y  s c a l e d  upper- 

s t a g e  r o c k e t s  t o  e x p l o i t  e f f i c  

r o c k e t s  as f i r s t - s t a g e  l aunch i  

We a r e  now developing the 

r o c k e t s  t o  permit  an e f f i c i e n  

boos te r s .  For comparison i t  

high-energy p r o p e l l a n t  deve l  

produce a payload capac i ty  i 

of takeoff  weight t o  payloa t 30 tc 1, twenty- 

f i v e  t imes as e f f e c t i v e  an 

d a t e .  

n of our  I R B M  and ICBM 

Centaur i s  expected t o  

We a r e  a l s o  proceeding 

b o o s t e r  which i s  roughly f o  

Part of tk Saturn  p r o j e c t  

r o c k e t s  t o  e x p l o i t  e f ' f i c i e  

S t i l l  longer - te rm and h i g  

for l a t e r  space e x p l o r a t i  

w e n t  of t h e  Saturn 

rge  b o o s t e r  capac i ty .  

h i d e s  a r e  r equ i r ed  

. , . .-. . . .. _ .  ,I.._ .. .l.. . .. . " l_l. ....__ . -. . . I - . . . .. .. .".-.I I .. ~ . 



satisfying this fi ture requirem nt 

one-and-a-half mill?-on pound thzvs 

engine which can be clustered to F 

which we foresee f o r  t h e  futuL-2. 

Until :ye have the upper-stage 

t o  use our grescnt boos.:e? c a p a c i t  

able to carry out  the more signifi 

missions which require precision g 

loads. It is also quite apparei-rt 

ments are available the c o s t  per p 

be inordinately high. It i s  neces 

lengths in miniaturization of equ 

the effectiveness of our ove2ai.l o 

Even with these linitations .Y.J 

in this interim period., whici? w l l l  

t o  produce significant a:id irnports 

OUT exploration of the nabre of t 

of the ultraviolet .md gamma radia 

atmosphere. We expect to make fur 

Infrared radiation. cha-acteristics 

measremen% of significance to t h  

problem. We expect to make some CI 

using a large 100-foot sphere 2s a 

transmissions. We also expect t o .  

final phases of pre2aratioz fo? 
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i s  the Gevelopnent of a 

single chamber rocket 

we? the very large vehicles 

developnents 'GO pernft c s  

efrectively we will not, be 

ant space ex2loration 

idance and substantial pzy- 

h2.t i?l\,Lil these new equip- 

und of p y l o a d  irr orbit will 

ary f ' o ~  us t o  go to g r e a t  

prnent in order t o  maximize 

eration. 

ex9e:r:l; GUP f i i g h t  p~ogram 

cover a l l  of' the Eext year, 

t results. Fle will continue 

e g r e a t  t?ac!iation belt and 

io;? oytside the E a r t h ' s  

her measurements of the 

of the Ear'ch and re1a';ed 

metecrological f o r e c a s t i n g  

nmunications experimects 

passive reflector fat? r a d i o  

2 well dcm the road on the 

ject Mercmy. The capsuie 



. -  

check-out should be near ly  complet 

have entered the most advanced pha 

the suborbi ta l  Redstone f l i g h t s .  

t h i s  point  t o  note  that Project  Me 

t i v e l y  low-perigee, short- l ived or 

have t o  w a i t  for the  development o 

standard Atlas vehicle  i s  capable 

performance. 

Im 8wlgnary3 we are  carrying o 

yielded, and w i l l  continue t o  y i e l  

r e s u l t s ,  even though we are s t i l l  

inter im nature  of our f l i g h t  vehic 

vehicle  developments which we expe 

e f f k i e n c y  of operation arid our ca 

The r a t e  a t  which we w i l l  progress 

i s  sf course dependent upon the re  

our disposal ;  howeverp I can assur  

m a k i n g  every e f f o r t  to make c e r t a i  

e f f i c i e n t l y  used so as t o  produce 

prwgram 

Thank you and Seasons Greetin 

NASA Release No. 59-280 

id and the Astronauts should 

e of t h e i r  t ra in ing  w i t h  

:t i s  perhaps of i n t e r e s t  at 

icury requires  only a r e l a -  

it. Consequently, we do not  

more capable equipment; the 

f producing the required 

t a f l i g h t  program which has 

, i n t e re s t ing  and s ign i f i can t  

everely limited by the 

es. We have underway the new 

t w i l l  increase g rea t ly  our 

ab i l i t y  t o  operate i n  space. 

i n t o  the explorat ion of space 

ources which are placed a t  

you that  we a t  NASA a re  

that  these resources a re  

he most e f f ec t ive  over-al l  

S!  
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A four-stage sounding rocket w 
Wallops Stationj Virginia, in a joi 
experiment. The launching took pla 

Burposes of the rocket launch€ 

1. To measure the Intensity o 
provided by the Defense Research Te 
of Qt t awa ; 

2. To determine the performan 
vacuum. This experiment, as well 8 
part of the space sciences program 
Space Administration. 

The 48-foot Javelin launching 
the payload to an altitude of about 
the radio signals emakating in spac 
and It is necessary to measure them 
450 m i l e s .  The 48-pound payload co 
receiver which telemetered galactic 

The X248 mgine, which was the 
to be the third stage of NASA's Del 
development. Data on I t s  performan 
gmund stations. . 

Telemetry statioss for the exp 
Cape Hatteras, North Carolina, s?d 

The launching vehicle consistel 
Hikes as well as the X2W. Takeoff 

The payload was estimated to h 
Ocean aboqt 6OO miles from Wallops. 

'ACE ADMINISTRATION 

1. c. 

FOR RELEASE AFTER LAUNCH 
DATE December 2 3 ,  1959 

launched early today from 
United Stat es-Canadtan 
at 2 ~ 5 6  a,m, E'YP . 
were: 

galactic noise, an experiment 
communications Establishment 

of the X248 rocket In a 
the rocket and launching, are 
the National Aeronautics and 

iicle was programmed to propel 
60 miles. Galactic noise, 01- 
are absorbed by the ionosphere 

t altitudes above approximately 
ained a three megacycle radio 
sdio signals to the earth. 

mrth stage of the Javelin, I s  
launching vehicle now under 
also were telemetered to 

iment were located at Wallops, 
?e Canaveralp Florida, 

Df a Honest John and two 
ifght was about 7,OOO pounds. 

3 Impacted Ira the Atlantic 
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WAWINO1ON 

HAS A APP 0 I NT S C GNG-3 E S 

David. K e p e r  has been appointed. 
O f  f'iccr for t h e  Nat iona l  Aeronaut ics  
s e rve  under t h e  Assistant Administrai 
James P ,  Gleason. 

Keyser WIS a d m i n i s t r a t i v e  assis: 
Kersten of  t h e  F i f t h  D i s t r i c t  of ;fisc 

I'reyser w i l l  con tac t  membex and 
Mouse of Represen ta t ives  on inatters 1 

P r i o r  t o  h i s  NASA appointment, i 
s u l t a n t ,  a s s i s t i n g  v a r i o u s  c i t y  gover 
West t o  o rgan ize  and c o d i f y  c i t y  o r d j  

Keyser was born i n  Xilwau:.ree, 't?J 
i k  a t t ended  sclhools i n  14ilwaulree and 
laws degree from Fiarquette Ui-liversit!, 

During World War 11, he served v, 
communications of r i c e r  f o r  a P-4.7 f i g  
t h e a t r e .  

A f t e r  t h e  war, lie p r a c t i c e d  law 
t h e  staff of Rep, Kers ten ,  

Mr. and Pl'lrs, Keyser, wno i s  t h e  
Milwaukee, have s i x  c h i l d r e n  and l i v e  
Bethesda, Md. 

- END 

1 SPACE AOMlNlSTRATlON 

25. 0. C. 

I O K A L  LIAISON OFTICER 

Chic f Congress lo i ia l  Liaison 
2nd Space Adminis t ra t ion  t o  
3r for Congressional  R e l a t i o n s ,  

: o m i t t e e s  of t h e  Senate  and 
3 l a t i n g  t o  N A S A ,  

3 wor!ced a s  a mumicipal con- 
merits i n  t h e  East and Mldddle 
l ances ,  

sc,, on September 27, 1918. 
graduated wi th  a bac3elor  o f  
in 1942, 

l t h  the Army A i r  Corps as 
i t e r  squadron i n  the European 

in rY?Il!~Jaukee be fo re  j o i n i n g  

?oriiler Jane LaBissoniere  of 
a t  7906 S l e a f o r d  P lace ,  
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PRESS CONF~RENCE 

P r o j e c t  Experiments 

T h e , p r e s s  conference wa called t o  o r d e r  a t  1:30 
p . m . ,  M r .  Herb Rosen p r e s i d i n g .  , 
P a r t i c i p a n t s :  ~ 

D r .  H o m e r  E. N e w e l l ,  J r . ,  Assista t Director,  Space Sc iences ,  
Nat iona l  Aeronaut ics  an Space Adminis t ra t ion .  

Mr. Herman E. LaGow, Head, P lane t  r y  Atmospheres Branch, NASA 
Goddard Space F l i g h t  C e  t e r .  i 1 

D r .  Verner E. Suomi, P r o f e s s o r  of1 Meteorology and S o i l s ,  
U n i v e r s i t y  of Wisconsin\. 

M r .  Gerhard He l l e r ,  Research P r o j  c t s  Laboratory,  Army 
Bal l i s t ic  Missile Agenc , Redstone Arsena l ,  Alabama. t 

Martin A.  Pomerantz, Director,  Ba  t o 1  Research Foundation of 
t h e  F rank l in  I n s t i t u t e ,  f Swarthmore, Pennsylvania .  

M r .  Arthur  W. Thompson, Research rojects  Laboratory,  Army 
B a l l i s t i c  Missile Agenc , Redstone Arsena l ,  Alabama. 

M r .  Josef Boehm, Guidance and Con Laboratory, Army B a l -  
l i s t i c  Missile Agency, Alabama. 

Mr, H a r r y  Carpen te r ,  Opera t ions  M nager of NASA's World-Wide 
Tracking Network, 

M r .  B r i a n  O'Brien,  S t a t e  Universi )y of Iowa. 

+ + ~+ 
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WASHINGTON 45, 0.  c. 

Wednesday, 30 Dqcember &95@ 

PRESS CON ERENCE 1 
P r o j e c t  Experiments 

The - p r e s s  conference  w s called rto order a t  1:30 
p.m., M r .  Herb Rosen p res id ing .  

1 P a r t  i c  i p a n t  s : I 

D r .  Homer E.  N e w e l l ,  Jr . ,  A s s i s t  n t  Director,  Space Sc iences ,  
Na t iona l  Aeronaut ics  a d Space Adminis t ra t ion .  

M r .  Herman E. LaGow, Head, Plane a r y  Atmospheres Branch, NASA 
Goddard Space F l i g h t  C n t e r .  1 1 

D r .  Verner E.  Suomi, P r o f e s s o r  o Meteorology and S o i l s ,  
U n i v e r s i t y  of Wisconsi 

M r .  Gerhard Heller,  Research P ro  e c t s  Laboratory,  Army 
Ba l l i s t i c  Missile Agen y ,  Redstone Arsenal, Alabama. 

Martin A.  Pomerantz, Director,  B r t o l  Research Foundation of 
the  F rank l in  I n s t i t u t e  t Swarthmore, Pennsylvania .  

M r .  Arthur  W .  Thompson, Research P r o j e c t s  Labora tory ,  Army 
Bal l i s t ic  Missile Agen y ,  Redstone Arsena l ,  Alabama. b 

M r .  Josef Boehm, Guidance and Co t r o l  Labora tory ,  Army B a l -  
l i s t i c  Missile Agency, H u n t s v i l l e ,  Alabama. 

M r .  Harry Carpen te r ,  Opera t ions  anager  of NASA's World-Wide M ~ Tracking Network. 

M r .  B r i an  O'Brien,  S t a t e  U n i v e r s i t y  of Iowa. 

+ + j  + 
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hIR, ttOSEN: Good af t$rnoon l a d i e s  and gentlemen 
L e t  me, on behalf  of a l l  those  p r e s e n t ,  NASA, w i s h  you a l l  a 
belated Merry Christmas and a orthcoming happy N e w  Year,  

The purpose f o r  b r i n  i n g  you t o g e t h e r  is t o  b r i n g  
you up  t o  d a t e  on t h e  r e s u l t s  b t a i n e d  from our Explorer  VI1 
s c i e n t i f i c  s a t e l l i t e ,  

1 I 

N o w  f o r  the  ground r l e s ,  Each s c i e n t i s t  has  a 
s h o r t  s ta tement  t o  make, The t a t emen t s  a r e  not  prepared;  
t hey  a r e  a l l  on n o t e s ,  rough n t e s ,  You have decided t h a t  
you w i l l  have q u e s t i o n s  and an wers a f t e r  each one of t h e  
s t a t e m e n t s ,  1 

T r a n s c r i p t s  of t h e  p oceedings  w i l l  be a v a i l a b l e  
some time tomorrow a f t e r n o o n .  I 

There a r e  some s t a t e  e n t s  I have t o  make f o r  t h e  1" 
T h i s  s a t e l l i t e  we a r  going t o  t a l k  a b o u t ,  Ex- 

p l o r e r  VII, w a s  designed t o  ga her  s c i e n t i f i c  d a t a  as p a r t  
of t h e  U , S ,  c o n t r i b u t i o n  t o  t h  I n t e r n a t i o n a l  Geophysical 
Year,  I t  w a s  t h e  l as t  f i r i n g  f t h e  I G Y  planned s e r i e s  of 
space  exper iments ,  The re fo re ,  i t  was s o r t  s f  nicknamed a s  

r eco rd  a s  w e l l .  

t h e  I G Y  r a d i a t i o n  s a t e l l i t e  

J u s t  t o  review f o r  y u some of t h e  t h i n g s  t h a t  
have occur red :  T h i s  is Explor r V I I ,  I t  was launched by 
a Juno I1  b o o s t e r  on October 1 1959, a t  1 1 ~ 3 1  a.m, ,  
E a s t e r n  Dayl ight  Time, The s c ' e n t i f i c  payload weighed 
92 ,3  pounds, A s  of November 2 t h ,  t h e  pe r igee  was 346 
m i l e s ;  t h e  apogee, 673 m i l e s ;  ' t s  pe r iod  is 101,32 minutes ;  
v e l o c i t y  a t  p e r i g e e ,  17,274 m i  I es  per  hour;  v e l o c i t y  a t  
apogee, 16,049 m i l e s  per   hour.^ 

As I s a i d ,  each  of t e s c i e n t i s t s  here  w i l l  review 
t h e  exper iments  t h a t  t h e y  were r e s p o n s i b l e  f o r  and I would 
l i k e  t o  list f o r  you t h e  compa i e s  and t h e  exper iments  t ha t  
were involved ,  Outs ide  on t h e  t a b l e  t h e s e  a r e  c o p i e s  of t h i s  
p r o j e c t  background and experim 

ABM w a s  for t h e  packaging, t e s t i n g ,  
and tempera ture  NASA w a s  r e s p o n s i b l e  f o r  t h e  
micrometeor i te  S t a t e  U n i v e r s i t y  of Iowa, 
t h e  r a d i a t i o n  U n i v e r s i t y  of Wisconsin, hea t  
ba lance  Research Labora tory ,  t h e  

B a r t o l  Research Foundation 
arch I n s t i t u t e  for Advanced 
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Then we have Ar thur  
Labora tory ,  ABitIA, Redstone 

c3 i 3 

VI. Thompson, Research P r o j e c t s  
Arsena l  Alabama. 

S t u d i e s  of Mar t in  Company were 1 r e s p o n s i b l e  f o r  t h e  heavy 
cosmic r a y  experiment .  The A r  y S i g n a l  Corps provided the  
so la r  c e l l  and power r i n g s .  B lova Watch Company, t h e  
r a d i o  t r a n s m i t t e r  t imer .  Hoff an E l e c t r o n i c s  Corpora t ion  
has  manufactured t h e  solar  c e l  i s .  

h l r .  J o s e f  Boehn, 
Army B a l l i s t i c  X i s s i l e  Agency, 

Here are t h e  p a r t i c i  a n t s .  D r .  H o m e r  E .  N e w e l l ,  
i n  t h e  c e n t e r ,  w i l l  be your mo e r a t o r .  H e  is t h e  a s s i s t a n t  
d i r e c t o r  for space sciences of NASA O f f i c e  of Space F l i g h t  
Development . 

Guidance and Cont ro l  Labora to ry ,  
H u n t s v i l l e ,  Alabama, 

L e t ' s  see i f '  I can  names and f a c e s  t o g e t h e r .  
From my r i g h t ,  H a r r y  o p e r a t i o n s  manager of NASA's 
world'wide t r a c k i n g  network. 

D r .  b lar t in  A .  Pomera t z ,  d i r e c t o r  of t h e  Bar to l  
rcesearch Foundat ion of t h e  F r a  k l i n  I n s t i t u t e ,  Swarthmore, 
2ennsylvania .  

I know t h e  next  one Br i an  O ' B r i e n  -- t h e y  have 
l e f t  your name off of' h e r e ,  or c a n ' t  f i n d  i t .  They have. 
' th i s  is Br i an  O 'Br i en  of t h e  S Unive r s i ty  of Iowa. H e  
is  a n a t i v e  of' A u s t r a l i a .  H e  of Dr. van A l l e n ' s  
a s s i s t a n t  p r o f e s s o r s  a t  t h e  

Then w e  have Herman ~ LaSow, who heads t h e  
2 l a n e t a r y  Atmospheres Branch, A S A  Goddard Space F l i g h t  
Cen te r  I) 

Next is D r .  N e w e l l .  I 

hlr. Gerhard H e l l e r ,  Research P r o j e c t s  Labora to ry ,  
ABMA, Redstone Arsena l  

Then D r .  Verner E ,  uomi, P r o f e s s o r  of Meteorology 
and s o i l s ,  U n i v e r s i t y  of Wisc 

how, wi th  r e s p e c t  t t h e  order  of p r e s e n t a t i o n ,  w e  
w i l l  f i r s t  have t r apped  r a d i a  i o n  b e l t s  by M r .  O'Br ien ,  
me teo ro log ica l  d a t a  by D r .  Su m i ,  t empera ture  c o n t r o l  informa- 
t i o n  by Mr. H e l l e r ,  cosmic ra exper iments  b y  M r .  Pomerantz,  
t h e  s o l a r  r a d i a t i o n  experiment/ be ing  r e a d  by Mr. LaGow who 

i 
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The s a t e l l i t e  we a r e  
for  sometime now has been knowr. 
or composite r a d i a t i o n  s a t e l l i t e .  
aware,  and as w i l l  become more 
t h i s  a f t e r n o o n ,  t h i s  s a t e l l i t e ,  
r e s u l t  of a team e f f o r t  and such 
manager t o  keep i t  working, kecp 

w i l l  a l s o  t a l k  on the  micromet m i t e  e r o s i o n ,  M r ,  Thompson 
on t h e  s o l a r  c e l l  experiment ,  1 nd Y r ,  Boehn on t h e  s a t e l l i t e  
bearing ~ 

I w i l l  t u r n  t h e  psoc ed ings  over t o  D r .  Homer E. 
Newell ,  

t a l k i n g  about is t h e  one t h a t  
as t h e  heavy I G Y  s a t e l l i t e ,  

As you undoubtedly a r e  w e l l  
apparent  du r ing  t h e  d i s c u s s i o n  

a team needs an a b l e  p r o j e c t  
t h i n g s  t i e d  t o g e t h e r .  The 

l i k e  a l l  o t h e r s ,  is t h e  

MR, NEWELL: Thank y 4 u p  Herb, 

t o  ask him t o  p i ck  up t h e  
i t  

On behalf  of Space S i e n c e s ,  l e t  me add my welcome 
t o  Herb R o s e n ' s -  

d i s c w s i o n  and fo l low through w i t h  

Herman LaGow, 

MR, LaGOW: Thank y o  Dr, Newell, 

Explorer  V I 1  was p l a  ned by t h e  U,S ,  Nat iona l  
Committee f o r  t h e  I G Y ,  t h e  t e c  n i c a l  panel  f o r  t h e  ear th  
s a t e l l i t e  program under t h e  c h  i rmanship of Dr, Richard 
P o r t e r ,  I t  w a s  des igned ,  cons  r u c t e d ,  and launched through 
the  e f f o r t s  of s c i e n t i s t s  and n g i n e e r s  from many o rgan iza -  
t i o n s  over  t h e  c o u n t r y ,  

T h i s  s a t e l l i t e  is i n  a very s t a b l e  o r b i t  and is 
working i n  a very s a t i s f a c t o r y  manner, I t  is a very complex 
assembly and most s i g n i f i c a n t  n having a very  long  l i f e ,  
w i t h  an a c t i v e  s a t e l l i t e  t r a n s  i t t i n g  s c i e n t i f i c  d a t a ,  
Already magnetic tape t e l eme te  i n g  records f r o m  t h e  20 
megacycle t r a n s m i t t e r  t o t a l  ov i r 300 m i l e s  i n  l e n g t h .  

Today you w i l l  hear  progress report from t h e  
expe r imen te r s  and e n g i n e e r s  r e  p o n s i b l e  f o r  t h i s  s a t e l l i t e .  
F i r s t  I would l i k e  t o  c a l l  on r ,  B r i a n  O ' B r i e n  

MR. O'BRIEN: The ph sics department of t he  S t a t e  
U n i v e r s i t y  of Iowa has  two Gei e r  c o u n t e r s ,  Broadly speak ing ,  
t h e s e  a r e  des igned  t o  s t u d y  t h  rad ia t ion ,  cosmic r a y s  and 
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I n  t h e  area of shortiterran 
f o r  example, t h e  e f f e c t  on t h e  
geomagnetic storm. Although 
s t u d i e d  as a s i n g l e  e n t i t y ,  i t  
g e n e r a l  t o  s tudy  s e v e r a l  examples 

5 

e f f e c t s  w e  i nc luded ,  
o u t e r  r a d i a t i o n  zone of t h e  

e;,ch shor t - te rm e f f e c t  can be 
is, of c o u r s e ,  b e t t e r  i n  

of each type .  The ex- 

r a d i a t i o n  which d o e s n ' t  f a l l  e s i l y  i n t o  e i t h e r  of these 
c a t e g o r i e s .  I may s t a t e  that  he appa ra tus  is working 
p e r f e c t l y  a s  of now, 

For t h e  convenience f t h i s ,  making t w o  w i l l  
s e p a r a t e  t h e  research i n t o  s t u  i e s  of t w o  t y p e s  of phen- 

omena, one of t h e s e  are c a l l e d  ong-term e f f e c t s  and t h e  
other shor t - te rm e f f e c t s ,  By ong-term e f f e c t s  I mean 
v a r i a t i o n s ,  f o r  example, i n  t h  i n t e n s i t y  or t h e  p o s i t i o n  
of t h e  t rapped r a d i a t i o n  zones over  met r ic  months. S ince  
w e  hope t h a t  t h e  appa ra tus  w i l  ope ra t e  u n t i l  t h e  t r a n s -  
m i t t e r  pu lse  s w i t c h e s  off i n  a o u t  a y e a r ,  t he  long l i f e  of 
Explorer  V I I  is g i v i n g  u s  an  e c e l l e n t  oppor tun i ty  f o r  
s tudy ing  t h e s e  long-term effec s .  Equal ly  so, s i n c e  t h e y  
a r e  long-term e f f e c t s ,  I c a n ' t  r e p o r t  any  of them t o  you a t  
p re sen t  e 

Another t h i n g  w e  ha f0und from a s t u d y  of t h e  
sequence 0f p a s s e s  over  Worth mesica f r o m  t he  16 th  of 
October th rough t o  t h e  20 th  w an e f f e c t  which a p p a r e n t l y  
is r e l a t e d  t o  a geomagnetic s rm which began on t h e  1 8 t h  
of October .  On t h e  1 8 t h  0f 0 ober  o n l y ,  t h e  c o u n t e r s  measured 
r a d i a t i o n  which appea r s  t o  ha been gene ra t ed  about 20 ,000  
k i l o m e t e r s  -- l e t ' s  c a l l  t h a t  3,000 mi les  -- o u t  from the  
c e n t e r  of t he  ea r th  and t h a t  between t h e  t w o  r a d i a t i o n  
b e l t s .  T h i s  phenomenon is be g compared w i t h  r e s u l t s  f r o m  
Explorer  I V ,  i n  which geomagn i c  storms dur ing  1958 were 
be ing  s t u d i e d ,  I 
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N o w ,  w i t h  Explorer  V I 1  
energy  p a r t i c l e s  We s t u d i e d  onE 
by Dr Hugh Carmichae l  i n  Canada, 
ments  and he has  found f o r  one 
a n ine  pe rcen t  change i n  h i s  
many days ,  whereas Explorer  V I 1  
t o  three hundred pe rcen t  change 
t h e  Explorer  V I 1  i n s o f a r  as  vie 
still than  t h e  b a l l o o n  o b s e r v a t i o n s ,  
s t u d y  t o  even more i n t e r e s t i n g  

The t h i r d  phenomenon I want t o  mention is a s s o c i a t e d  
w i t h  what w e  c a l l  the  Forbush ph nomena, On occas ions  over  
many years people w i t h  cosmic r a  d e t e c t o r s  on t h e  ground 
have observed a sudden decrease  ' n  cosmic r a y  i n t e n s i t y ,  gen- 
e r a l l y  o n l y  of a few percent  and then  this g r a d u a l l y  covers 
over  a pe r iod  of s e v e r a l  d a y s ,  u i t e  o f t e n  t h i s  Forbush 
decrease is a s s o c i a t e d  w i t h  the i eomagnetic s torm,  

we can  s t u d y  even lower 
sequence us ing  d a t a  provided 

He  has  sea l e v e l  measure- 
p a r t i c u l a r  Forbush dec rease  

coun t ing  r a t e  over  a pe r iod  o f  
h a s  found something l i k e  t w o  

I f  I might sound t h a t  o f f ,  

we are pushing t h i s  
can  measure lower e n e r g i e s  

r a n g e s .  

N o w Y  t h e  s e a - l e v e l  d e t  c to r s  only  s tudy  very  high- 
e n e r g y  cosmic r a y s  Recent ly  D 0  t o r s  MacDonald and Weber, 
from o u t s i d e  Iowa, have flown ba loons  t o  s t u d y  t h e  e f f e c t  
of t h e  Forbush decrease on s m e w  a t  lower energy cosmic 
r a d i a t i o n  and they  have found t h  t the e f f e c t  is much s t r o n g e r  
for these  lower energy p a r t i c l e s  t han  it  is fo r  the  h igh  
energy ones  t h e y  have observed a i sea l e v e l .  

I want t o  conclude w i t h  
i n d i c a t e  t h a t  t h e  S t a t e  U n i v e r s i t y  
des igned  u s i n g  r e s u l t s  o b t a i n e d  
E x p l o r e r s ,  t h r e e  p rev ious  s a t e l l i t e s ,  
of other  people  and t h e  r e s u l t s  
w i l l  be used i n  con junc t ion  w i t t .  
s t e p  towards t h e  f i n a l  unde r s t azd ing  
of t h e s e  phenomena Explorer  VIP. 
p a r t s  i n t o  t h e  j i g s a w  puzzle  

a summary which w i l l  
of Iowa a p p a r a t u s  was 

w i t h  QUF a p p a r a t u s  on p rev ious  

from this p r e s e n t  s a t e l l i t e  
and a l so  u s i n g  r e s u l t s  

p rev ious  r e s u l t s  as a f u r t h e r  

is Just f i t t i n g  a few more 
or nea r  f i n a l  unders tanding  

Thank you. : 
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QUESTION: Would you 
are t a l k i n g  about?  

MR, ROSEN: A r e v  t hede  any ques t ions?  

draw u s  a curve  of  what you 
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MR. O'BRIEN: Y e s .  

QUESTION: Why? Do 

QUESTION: You s a y  t is is  a 200 t o  300 d e c r e a s e ,  
sir? h 

you have any t h e o r i e s ?  

b¶R. O'BRIEN: The Fo ebusch decrease; w e  have t h e  
s t e a d y  cosmic r a y s  and t h e n  t h  re  is a dec rease  i n  i n t e n s i t y  
and t h e n  it g r a d u a l l y  r e c o v e r s  over  a p e r i o d  of many days ,  
wh i l e  t h e  magnitude of t h a t  r e  overy i s  200 o r  300 p e r c e n t  
on t h e  i n t e n s i t y  a t  t h e  bottom i of t h e  d e c r e a s e .  

m. O'BRIEN: Y e s .  I j 

I a m  j u s t  go ing  t o  d a w  coun t ing  ra tes  up t h e r e ,  
and I a m  go ing  t o  draw t h e  ac oss h e r e ;  t h e n  t h e  normal 
cosmic r a y  i n t e n s i t y  would com a long  h e r e  somewhere, t h e n  

ments is on ly  a few p e r c e n t  an  then  t h i s  g r a d u a l l y  re- 
cove r s  over  a p e r i o d  of many d y s  u n t i l  i t  comes up about  

t h e r e  is a Forbusch decrease w i c h  i n  t h e  s e a l e v e l  measure- 

t o  t h a t  l e v e l  aga in .  6 

N o w ,  i n  t h e  s a t e l l i t  , t h i s  is d l 1  p u r e l y  r e s u l t s  
which w e r e  d i scove red  about  ha f a d a y  b e f o r e  I l e f t  I o w a ,  
so they  are r a t h e r  p r e l i m i n a r y ,  The decreasQ-is more pro- 
nounced and t h e  r ecove ry  is a l  o m o r e  pronounced. You 
have probably  g o t  soma e f f e c t  I i k e  t h i s  i n  which i f  t h a t  
is 1, t h i s  is 2 t o  3 ,  I 

QUESTION: So, yod  a e g e t t i n g  a 200 t o  300 per-  
c e n t  d e c r e a s e  i n  i n t e n s i t y  a t  h a t  per iod?  

MR. O'BRIEN: you, I mentioned t h a t  it 
o n l y  came o u t  h a l f  a day b e f o r e  I l e f t  Iowa, which is not  
v e r y  long .  

QUESTION: Any i d e a  a t  a l l  as t o  when? 4 
m. O'BRIENt  W e l l ,  it g i v e s  u s  a h i n t  s i n c e  w e  

are s t u d y i n g  t h e  lower energy p a r t i c a l s  h e r e ,  t h i s  does 
g i v e  u s  some h i n t s  as t o  t h e  i echanism, b u t ,  I p r e f e r  n o t  
t o  go i n t o  t h o s e  here .  They iare a l i t t l e  b i t  complex. 
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QUESTION: A s  t o  t h e  d,echanism of what? 

MR. O 'BRIEN:  The m e c  anism which causes  t h i s  
Forbusch d e c r e a s e  which is ass c i a t e d  wi th  geomagnetic 
storms. 

QUESTION: What ene rg  cosmic r a y s  are you t a l k -  
i n g  about  here?  y 

MR. O'BRIEN: These o es  involved  h e r e  i n  t h e  
s a t e l l i t e  are approximate ly  a t i r d  of a b i l l i o n  elec- 
t r o n  v o l t s ,  one - th i rd  of a b i l l ' o n .  T h i s  is t h e  American 
b i l l i o n ;  10 9 e l e c t r o n  v o l t s ,  3 

QUESTION: I n  o t h e r  w c / r d s ,  about  130 MeV? 

MR. O'BRIEN: Y e s ,  I 

Now, t h e s e  ones  h e r e  re  of t h e  order of  s e v e r a l  
thousand M e V ,  t h e  s e a l e v e l  ones  The ba l loon  o b s e r v a t i o n s  
are somewhere i n  between t h e  t w  

QUESTION: What are t4e ea r th -based  ones  again? 

MR. OVBRIEN.: We can  a l l  i t  -- do you want i t  
i n  a b s o l u t e  measurements o r  re1 f t i v e ?  

QUESTION: Roundhouse 1 
MR. O'BqIEN:  Ten tho sand  m i l l i o n  e l e c t r o n  v o l t s .  

And t h e  ba l loon  o b s e r v a t i o n s  ar approximate ly  a thousand 
m i l l i o n  e l e c t r o n  v o l t s ,  t 

QUESTION: Pardon m e ,  you j u s t  said t h e  e a r t h  
ones  were t e n  thousand m i l l i o n  you mean t e n  thousand 
e l e c t r o n  v o l t s ?  

MR. O'BRIEN: No. I 
&. POMERANTZ: Your l a r t h  o n e s  are one t o  t e n  

b i l l i o n  v o l t s  M e V ,  I 

b¶R. O*BRIEN: Exploref V I I ;  on p o i n t  3, 

QUESTION: Since thes decreases are associated 
w i t h  geomagnetic storms, is it  oss ib le  t h a t  t h e s e  new 
f i n d i n g s  might throw f u r t h e r  li h t  on t h e  n a t u r e  and mechan- 
i s m  of geomagnetic storms and t e i r  e f f e c t s  on radio com- 
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QUESTION: Presumably 
r e a c h  t h e  e a r t h ,  is t h a t  r i g h t ?  

: i  

t h e s e  l o w  energy ones  never  

mun ica t ions ,  b l a c k o u t s  and t h i n $ s  l i k e  t h a t ?  

MR. O'BRIEN:  That is 
acts  as  a s o r t  of s h i e l d  h e r e  
a t  ground s t a t i o n s  have been 
have g o t  a n  e f f e c t i v e  b l a n k e t  0 2  
e a r t h  and on ly  t h e s e  o n e s ,  t h e &  
g e t  t h rough  t o  t h e  ground l e v e l  
b a l l o o n  t o  a hundred thousand 
b i t  b e t t e r ;  you go up i n  a 
and you can  g e t  down t o  t h i s  

MR, O 'BRIEN:  W e  are d i n c e r e l y  hopefu l  of t h i s ,  y e s .  

r i g h t ,  y e s .  The atmosphere 
and t h i s  is  why t h e  people  

l i r i i t e d  f o r  so  long  because you 
t h e  atmosphere ove r  t h e  
very  h igh  energy  o n e s ,  can  

d e t e c t o r s .  You go up i n  a 
f : e t ,  you can see a l i t t l e  

s a t e l l i t e  t o  s e v e r a l  hundred m i l e s  
ra- ; ing,  

QUESTION: Is t h i s  an1: indicat ion t h a t  t h e  s o u r c e  
of t h e s e  l o w  energy cosmic r a y s l i s  t h e  sun? 

MR. O'BRIEN: I h e s i t  t e  t o  make any th ing  as d e f i -  
n i t e  as  t h a t .  I t  depdnds on ho w e  d e f i n e  a s o u r c e ,  i t  is 
not  necessa ry  t h a t  t h e  sun  l l y  s p i t s  t h e s e a t  and t h a t  
t h e y  t r a v e l  as p a r t i c l e s  w a y ,  They might be j u s t  
s i t t i n g  out  t h e r e  i n  t h e  tmosphere wa i t ing  f o r  some 
e f f e c t  which is  caused by i n g  from t h e  sun .  

N o w ,  I would l i k e  t o  o i n t  o u t  t o  you t h a t  h e r e  w e  
are indeb ted  t o  t h e  c o u r t e s y  of D r s .  MacDonald and Weber and 
t h i s  is  a p re -pub l i ca t ion  r e s u l  

QUESTION: A l l  of t h e  e measurements made wi th  t h e  
V I 1  w e r e  made below t h e  innermo E t Van Al l en  r a d i a t i o n  b e l t ?  

MR. O'BRIEN: Y e s ,  t h  se are  -- I p r e f e r  no t  t o  
s a y  so  much below as ,away f r o m  e t h e  r a d i a t i o n  b e l t s ,  

QUESTION: What w a s  t e l a t i t u d e  or t h e  i n c l i n a t i o n  
of t h i s  o r b i t ?  h 

MR. O'BRIEN:  These a e a l l  ove r  North A m e r i c a .  
We have compared -- w e  knew t h a  a Forbuqh dec rease  w a s  go- 
i n g  on by u s i n g  Canadian ground l e v e l  measurements and w e  
s t u d i e d  Exp lo re r  VI1 measuremen s ove r  roughly  t h e  s a m e  
r e g i o n  i n  space  where t h e  t r a p p  d r a d i a t i o n  w a s  no t  ve ry  
l a r g e .  

QUESTION: And d i d  y o b  f i n d  t h a t  happening j u s t  
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once t o  date s i n c e  t h e  s a t e l l i t  

MR. O'BRIEN:  Y e s .  

QUESTION: I n  o t h e r  w 
magnet ic  storm i n  t h e  i n t e r v a l .  

MR. O'BRIEN: We have 
found t o  date .  Thereare  seve ra  
have occur red  s i n c e  t h e  s a t e l l i  

QUESTION: Then do yo 
around t o  examining t h e  r e c o r d s  

MR. O'BRIEN: Yes. 

QUESTION: I see. 

MR. O'BRIEN: T h i s  is  
method of a t tack.  

MR. ROSEN: A r e  t h e r e  
r a d i a t i o n  experiment?  

QUESTION: Have you a 
t h e  composi t ion  of t h e  i n n e r  :an 
l a r l y  t h i s  suspec ted  t h i r d  lowe 

MR. O'BRIEN: Well, t 
c o n s i d e r a b l e  d i s c u s s i o n  among u 
I r e p o r t e d  w a s  an  enhancement o 
t h e  t w o  r a d i a t i o n  b e l t s .  N o w ,  
o u r  p a r t i c u l a r  sequence of obse 
t h a t .  

W e  have g o t ,  i n n e r  zon 
as  w e  move o u t  from t h e  e a r t h .  
r e l a t i v e l y  s h a l l o w  i n k e n s i t i e s  

N o w ,  i n  t h i s  p a r t i c u l  
have found a double  hump type  o 
lasted one day w h i l e  a geomagne 

I 

w a s  launched? 

rds,  you j u s t  had one geo- 

on ly  g o t  one t h a t  w e  have 
geomagnetic storms which 

e went up. 

mean you h a v e n ' t  g o t t e n  
y e t ?  

not an  immediately obvious  

any more q u e s t i o n s  on t h e  

c e r t a i n e d  any more about  
o u t e r  b e l t s  and p a r t i c u -  
b e l t ,  t h e  p ro ton  b e l t ?  

is  is  s t i l l  a matter of 
. One of t h e  phenomona 
t h e  r a d i a t i o n  i n  between 

h i s  o n l y  l a s t e d  one day i n  
v a t i o n s .  If I might draw 

here, measuring i n t e n s i t y  
We have g o t  t h e  i n n e r  zone 
oming up t o  t h e  Alpha zone. 

r sequence I mentioned w e  
t h i n g  t h e r e  which o n l y  

i c  s to rm w a s  on.  

N o w ,  t h i s  s o r t  of thdng has  been found i n  s e v e r a l  
of t h e  Exp lo re r  I V  s t u d i e s  w e  ave been making so  t h i s  is 
no t  a -- you c a n ' t  c a l l  t h i s  a 1 r e v o l u t i o n a r y  new d i scove ry .  
T h i s  whole problem is  s t i l l  bedng d i scussed  as t o  how fa r  
down you have g o t  t o  track here, because you see, a l l  t h e s e  
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MR. O'BRIEN: I have 
you probably  won' t  be a b l e  t o  
ove r  North A m e r i c a  aga in ,  t h e  
g a i n  i n t e n s i t y  v e r s u s  t i m e .  
sca le ,  wi th  t h a t  be ing  one minute ,  
T h i s  t ype  of scale now, no t  a 
h e r e .  W e  have go t  t h e  o u t e r  
is as  t h e  s a t e l l i t e  moves sou th  
h e r e  i n  t i m e ,  w e  have a l so  g o t  
e q u a t o r .  The o u t e r  zone is a t  

11 

a graph h e r e ,  I d o n ' t  th ink- -  
p i ck  it  up. These occurred 
ones  w e  found.  W e  thought  t h e  

T h i s  is now on a very  s h o r t  

matter of many minutes  as 
t h a t  be ing  t w o  minutes .  

zone comes up l i k e  t h i s .  T h i s  
so t h a t  w e  have g o t  a p l o t  

a p l o t  moving towards  t h e  
h igh  l a t i t u d e s  and as  w e  come 

o b s e r v a t i o n s  are made w i t h  dete t o r s  which respond j u s t  a 
l i t t l e  b i t  d i f f e r e n t l y  t o  t h e  r d i a t i o n  and i t  is q u i t e  
conce ivab le  t h a t  w i th  some de te  t o r s  you w i l l  g e t  t h i s  
s o r t  of t h i n g ,  1 I 

QUESTION: What you a le  d i s c u s s i n g  now, t h e  p o i n t  
t h a t  you f i r s t  made, t h e  s p o r a d ' c  r a d i a t i o n  nea r  t h e  i n n e r  
edge of t h e  o u t e r  b e l t ,  is t h a t  what you are now r e f e r r i n g  t o ?  1 ~ 

b€R. O'BRIEN:  
d i s c u s s e d .  I 

No, t h i k  is t h e  second p o i n t  I 

QUESTION: Could you o t o  t h e  f i r s t  p o i n t ,  cou ld  
you go i n t o  t h a t  a l i t t l e  b i t  re? What are t h e  r e l a t i v e  
s i z e s  of t h e s e  s p o r a d i c  b u r s t s  bnd so f o r t h ?  

4 

Now, it cou ld  be s i n  e t h i s  is a l s o  a d i s t r i b u t i o n  
i n  space  as w e  are moving s o u t  B you might i n t e r p r e t  t h i s  
as p a s s i n g  through a sequence f zones.  W e  a re  i n c l i n e d  t o  
t h i n k  a t  t h i s  s t a g e  -- b u t  t h i  1 is p u r e l y  pe r sona l  i n t e r p r e -  
t a t i o n  and as y e t  w e  have g o t  o convinc ing  ev idence  of 
t h i s  -- w e  are i n c l i n e d  t o  t h i  k t h a t  t h e s e  are b u r s t s  i n  
t i m e  r a t h e r  t han  b u r s t s  i n  s p a  e ,  s imply  because t h i s  w a s  
a c e r t a i n  Greenwich Mean Time h a t  w e  happened t o  count  t h a t  
r a d i a t i o n  t h e r e  

QUESTION: Could t h e h e  be b u r s t s  of p r o t o n s  from 
t h e  sun? 
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MR. O'BRIEN:  They a e u n l i k e l y  t o  be p r o t o n s ,  bu t  
even t h e r e  I would be -- a t  s t a g e  w e  cannot  answer 
t h a t  d e f i n i t e l y  e 

QUESTION: These w e r  observed a t  t i m e s  of s o l a r  
d i s tu rbance?  

MR. O'BRIEN:  Y e s ,  t; is may or may no t  be f o r t u i -  
t o u s ,  w e  j u s t  c a n ' t  t e l l .  A c t  a l l y ,  i f  you are i n t e r e s t e d ,  
one of t h e s e  occur red  a f e w  ho rs b e f o r e  w e  s a w  t h i s ,  t h i s  
l a t i t u d e  enhancement, I n  t h e  e h e r  case, t h i s  one occur red  
when w e s a w  no low l a t i t u d e  enh 

QUESTION: I would 1 k e  t o  t r a n s f e r  t h i s  over  t o  
Dr. N e w e l l ,  whether t h i s  doesn t t e n d  t o  conf i rm Malcolm 
Ross; t h a t  t h e s e ,  o u t b u r s t s  of p r o t o n s  from t h e  sun might 
produce haza rds  to any o u t e r  5 ace t r a v e l  f o r  man? 

MR. NEWELL: If I co I d  answer t h a t  q u e s t i o n  on 
a b roade r  b a s i s  t h a n  which you put  i t ,  A l l  of t h e s e  t h i n g s  
t h a t  w e  are look ing  i n t o  are 1 ad ing  t o  a broad p i c t u r e  of 
wha t ' s  go ing  on o u t  i n  t h e  r e g  an  around t h e  e a r t h , a n d  a l -  
though when t h e  r a d i a t i o n  b e l t  w a s  f i r s t  d i scove red  by 
Van Al l en  one more o r  less  f e l  i h e r e  w a s  a s i n g l e  r a d i a t i o n  
zone;  t h e n  l a t e r  he de te rmined  two zones, and now w e  f i n d  
t h a t  even t h a t  h a s  s t r u c t u r e ,  h a t  i f  you look a t  t h i s  i n  
d i f f e r e n t  energy  r e g i o n s  you f nd zones of p a r t i c l e s  of 
t h o s e  d i f f e r e n t  e n e r g i e s .  We re now g e t t i n g  a ve ry  compli- i c a t e d  p i c t u r e  of which t h i s  is a p i e c e ,  and t h e  nex t  measure- 
ment w i l l  be  a n o t h e r  p i e c e ,  an s o  on and so  f o r t h .  So, 
when you ask D r .  O'Brien h e r e  h e t h e r  these are p r o t o n s  from 
t h e  sun  you ask  him t o  try t o  it t h i s  obse rva t ion  i n t o  a 
b i g  p i c t u r e  t h a t  h e  as y e t  doe n P t  have. This is why he  
s a y s  t h a t  you c a n P t  be s u r e .  h i s  h a s  t o  meet a l o t  of 
t es t s .  

N o w ,  i f  I may come b ck to your s p e c i f i c  q u e s t i o n ,  
t h e  more of t h e e n e r g e t i c  p a r t i  les w e  f i n d ,  t h e  m o r e  p r o t o n s ,  
p a r t i c u l a r l y  e n e r g e t i c  p a r t i c l  s w e  f i n d  t h e  more of a 
haza rd  w e  f i n d  f o r  e x p l o r e r s  are going  o u t  i n t o  s p a c e ,  

and Winkler ' s  o b s e r v a t i o n s ,  is, Y e s .  My view, 
so t h a t  i f  t h i s  does  t i e  

i f  t h i s  does t i e  i n .  W e  

MR. ROSEN: May w e  c t t h i s  o f f  and go t o  t h e  nex t  
speaker?  
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However, it is a l s o  PO sible t o  r e l a t e  t h e  changes 
i n  long-wave h e a t  r a d i a t i o n  on t t e da rk  s i d e  of t h e  e a r t h  
t o  p o s i t i o n s  where cold or warm i~ e x i s t s .  fl 

I f  t h i s  compara t ive ly  rude  experiment  can  do  t h i s ,  
more s o p h i s t i c a t e d  s a t e l l i t e s  no be ing  planned and under  
c o n s t r u c t i o n  can r ecogn ize  storm s y s t e m s  even on t h e  da rk  
s i d e  of t h e  e a r t h ,  

We have a l s o  ho ted  t h a  t h e  v a r i a t i o n  i n  r a d i a t e d  
h e a t  loss over  a n  a r e a  about  t h e  s ize  of  t h e  United S t a t e s  
is about  a s  l a r g e  a s  the  ave rage  v a r i a t i o n  from pole  t o  
Po le .  What I am t r y i n g  t o  s a y  i t h a t  j u s t  over sma l l  a r e a s  
one gets l a r g e  changes i n  t h e  he t lo s s  f r o m  t h e  e a r t h .  

In  a d d i t i o n ,  mass b a l l  on a s c e n t s  sponsored by  t h e  
U. S. Weather Bureau c a r r y i n g  r a  i a t i o n  measuring i n s t r u m e n t s  
have al lowed us t o  make comparison w i t h  t h e  s a t e l l i t e  
mission.  1 I 

The e n g i n e e r i n g  p o r t i  n of t h e  experiment  is ove r  
and many i n d i v i d u a l s  who c o n t r i  t e d  t o  t h e  o v e r - a l l  ex- 
per iment  d e s e r v e  ou r  h e a r t f e l t  hanks,  Now w e  a r e  g e t t i n g  
a GhanWto  look a t  t h e  f o r e s t  a s  w e l l  a s  t h e  trees a s  f a r  
a s  t h e  r a d i a t i o n  budget  is conc rned  and w e  a r e  l o o k i n g  

Lortimrd t o  t h i s  i n t e r e s t i n g  phas  i o f  t h e  exper iments .  

MR, ROSEN: Are t h e r d  any q u e s t i o n s ?  

QUESTION: Could you r e p e a t  t h e  s t a t e m e n t  which 
I d i d  n o t  q u i t e  follow about  ov r t h e  United S t a t e s ,  
a r e a s  of t h e  United S t a t e s  you ere g e t t i n g  h e a t  l o s s  
e q u a l  from t h e  poles? 

DR. SUOMI: What I am t r y i n g  t o  s a y  is t h a t  if 
one were t o  make a p l o t  of t h e  hange i n  h e a t  loss  f r o m  
t h e  e a r t h  from p o l e  t o  e q u a t o r  e lose more h e a t  ove r  t h e  
e q u a t o r  t h a n  t h e  poles.  The d i  f e r e n c e  is about  25 p e r  c e n t .  i 

But even over a s m a l l  a r e a  of  t h e  United S t a t e s  t h e  
h e a t  loss from t h e  e a r t h  goes t rough a n  u n d u l a t i o n  about  
t h e  same size a s  t h e  ave rage  ch nge f r o m  pole  t o  e q u a t o r  
n o t  a s  l a r g e  a s  t h e  whole chang b u t  a l a r g e  f r a c t i o n  of it. 

QUESTION: You s a y  wf lose more h e a t  from t h e  
e q u a t o r ?  
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QUESTION: You have a 
a p p a r e n t l y  and you a l s o  have 
pe r iod  of  t i m e .  
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number of these r e a d i n g s  
weather  bureau records f o r  t h i s  

DR, SUOMI: Yes. I 
QUESTION: T h i s  is no-t very  as tounding ,  is i t ?  

Would you expec t  thisal  

DR, SUOMI: Yes, w e  wo I d  expect t h i s ,  b u t  what w e  
a r e  a f t e r  i n  t h i s  experiment is see if w e  can relate t h i s  
t o  weather  effects  which might o 

For example, l a s t  Nove ber up i n  t h e  Mid-West was very  
c o l d ;  however, December was r a t h  r m i l d .  Now, t h i s  weather  
d i f f e r e n c e  must u l t i m a t e l y  be r e l a t e d  t o  t h e  d i s t r i b u t i o n  
of t h e  temperature,  t h i s  i n  t u r  ,” , must be r e l a t e d  t o  a hea t  
a s  d i s t r i b u t e d  around t h e  e a r t h o  I 

Some of t h i s  is caused by  t h e  i n p u t  t o  
from t h e  sun ,  t o  be s u m ;  t h e  o t  er is by  its l o s s  and t h i s  
is a l s o  r e d i s t r i b u t e d  by  t h e  s y s t e m s  themselves .  

t h e  e a r t h  

So one can  make an average  p i c tu re  for  a long  t i m e ;  
t h e y  have t o  ba l ance  o u t ,  bu t  i f. t h i n g s  d o  n o t  ba l ance  o u t  
on a short  t i m e  b a s i s  t h i s  w i l l  igive u s  a k e y ,  I t h i n k ,  t o  
t h e  p rocesses .  I 

IS there any preliminairy t i e - i n  between the two? 

DR, SUOMI: Oh,yes ,  f I look a t  a weather  map 
and look a t  t h e  s a t e l l i t e  r e c o r  it is possible  t o  r e l a t e  
t h e  v a r i a t i o n s  i n  t h e  s a t e l l i t e  record  t o  t h e  weather  map; 
bu t  you can  see t h a t  a t  t h i s  s t a g e  I a m  not ve ry  c o n f i d e n t  
because t h e  k e y  t o  it is t o  go ‘ n  t h e  r e v e r s e  d i r e c t i o n ;  
t o  t a k e  t h e  v a r i a t i o n s  measured b y  t h e  s a t e l l i t e  and say  there 
a r e  t h i n g s  below. ~ ~ 

A t  t h e  p r e s e n t  time w j u s t  a r e  f i n d i n g  t h e s e  
r e l a t i o n s h i p s ,  w e  r e a l l y  need t have much more d a t a  and 
i n c r e a s e  t h e  conf idence  i n  

QUESTION: Going bac  t o  t h i s ,  In  November, 
d i d  you r eco rd  a high l o s s  of of  h e a t  i n  t h e  
e a r t h ’ s  s u r f a c e  i n  t h e  Midwest  

DR, SUOMI: We had a q i t u a t i o n  where co ld  a i r  was 

I . .  
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I n  t h e  Nor theas t ,  w i t h  a l o w  i n  t h e  v i c i n i t y  of  Wisconsin,  
A s  t h e  s a t e l l i t e  passed 

i n  t h e  uthwest  t o  n o r t h e a s t ,  t h e  
change i n  1 a t  n i g h t ,  t h e  change i n  
h e a t  loss rough a v i o l e n t  change a s  
it passed  o v e r  t h i s  boundary. 

T h i s  was a l s o  i n  agre ment w i t h  t h e  r ad iomete r  sounds 
r e l e a s e d  by t h e  weather bureau. 1 So, t h e r e  i s  t h i s  r e l a t i o n s h i p  

r e c e i v e d  by t h e  s a t e l l i t e .  
between a i r  t empera tu res  and t y  e s  o f  a i r  and t h e  r e c o r d s  

M R .  ROSEN: Does that1 about  do i t ?  

QUESTION: I t h i n k  you i n d i c a t e d  t h a t  even a s  
r e g a r d s  t h e  non-sunl ight  s i d e  o t h e  e a r t h ,  t h e  s a t e l l i t e  
has  made some f i n d i n g s  w i t h  r e g  rds t o  t h e  hea t  budgets .  

DR. SUOMI: What I t r y i n g  t o  s a y  i s  t h a t  t h i s  
experiment  r e a l l y  was o l o o k  a t  t h e  e a r t h  i n  
l a rge  a rea .  Ac tua l ly  e do no t  have a camera, 
s o  t o  speak,  we j u s t  f i l m ,  bu t  even t h i s  c rude  
device  i s  a b l e  t o  ons  i n  t h e  r a d i a t i o n  p a t t e f n  
from t h e  e a r t h  

T h i s  means, t h e n ,  t h a  a s  o u r  more s o p h i s t i c a t e d  
s a t e l l i t e s  a r e  p l a c e d  i n  o r b i t  
c loud  p a t t e r n s  and s o  on on t h e  d a r k  s i d e  of t h e  e a r t h  as  
w e l l  a s  on t h e  s u n l i g h t  s i d e .  

t w i l l  be p o s s i b l e  t o  o b t a i n  1 
QUESTION: Could you s t a b l i s h  a n y t h i n g  f u r t h e r  

from t h a t  p i c t u r e  t h a t  we were xposed t o  a t  one t ime 
from Exp lo re r  VII?  Did t h a t  s h  w up t o  be r a t h e r  s i g n i f i -  
can t  o r  was it a -- 

M R .  ROSEN: I am s o r r j ;  d i d  it t i e  i n  a t  a l l  
w i t h  -- I 

DR. SUOMI: I have no a t t empted  t o  t i e  t h i s  i n  a t  
a l l  w i th  any of o u r  measurement , I d o n f t  even know i f  it 
occur red  a t  t h e  same t ime.  

MR. ROSEN: They c e r t a i n l y  o v e r  a d i f f e r e n t  

QUESTION: 

area,  t o o ,  P e t e r .  ~ 

I 

That was ov(er t h e  P a c i f i c ,  yes .  

MR ROSEN: Are t h e r e  a y more q u e s t i o n s ?  pl 
MR. LAGOW: Next we wbll have M r .  Gerhard Hel le r ,  
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from t h e  A r m y  B a l l i s t i c  Missile Agency, t e l l  u s  about  t h e  
t empera tu re  measurements and t h  h e a t  ba l ance  on the  
Exp lo re r  V I P ,  

MR, HELLER: The te e r a t u r e  problems of Exp lo re r  V I 1  
a r e  two-fold,  f i r s t l y ,  t h e  d e s  n of  the s a t e l l i t e  h a s  t o  
a s s u r e  proper f u n c t i o n i n g  of a i n s t r u m e n t a t i o n  w i t h i n  a 
specified t empera tu re  r ange  of ero t o  s i x t y  degrees c e n t i -  
g rade  and secondly ,  t h e  second spect of t h e  t e r m a l  
problems is t h a t  s i x  tempera tu  measurements were p laced  
a s  p a r t  of t h e  s c i e n t i f i c  expe m e r i t s ,  I am going  t o  
t a l k  first about  t h e  the rma l  d i g n  problems, 

A new concept  h a s  bee used i n  t h e  thermal  
d e s i g n  of Exp lo re r  V L I ,  The i n  t r u m e n t  package is i n s u l a t e d  
from t h e  rest of t h e  s a t e l l i t e ,  2 however; t h e  two c o n i c a l  
h a l v e s  of t h e  s a t e l l i t e  s h e l l  a e al lowed to exchange h e a t  
by  r a d i a t i o n  on t h e  i n s i d e ,  

The b a s i c  p r i n c i p l e  04 t he rma l  c o n t r o l  used is 
a p a s s i v e  s y s t e m ,  That  means t a t  i t  o p e r a t e s  w i thou t  
any moving p a r t s .  The c e n t r a l  'ns t rument  column is covered 
w i t h  gold f o i l  and t h e  i n t e r n a l  m i d d l e  p a r t s  a r e  h i g h l y  
pol ished and minimized w i t h  hea J radiation t r a n e f e r ,  

On t h e  o ther  hand, t h  f iber  g l a s s  shells a r e  
p a i n t e d  on t h e  i n s i d e  wi th  a t i  anium p a i n t  w i t h  a h igh  
i n f r a r e d  p a s s i v i t y ,  

T h i s  concept  h a s  a l l 0  e d  t o  minimize t empera tu re  
ex t remes  of s e n d e r s  l o c a t e d  i n  the s k i n  of t h e  s o l a r  ce l l  
packages and of t h e  t r a n s m i t t e r  i n s i d e  t h e  in s t rumen t  column. 

Temperature  measureme ts e v a l u a t e d  f r o m  t h e  
r e c o r d s  of  t h e  ABMA t r a c k i n g  st t i o n  have shown d u r i n g  
t h e  78 days  of o p e r a t i o n  a mini  m sf t h e  t r a n s m i t t e r  
t empera tu re  of 16 degrees c e n t i  ade and a maximum of 
41 degrees c e n t i g r a d e ,  I 

The maximum oeeur red  u r f n g  t h e  per iod of 100 p e r  
c e n t  s u n l i g h t  from t h e  f i f t h  t o  d t h e  tenth day a f t e r  launch-  
i n g  e I 

It  is reasonabBe t o  e ect  t h a t  t h e  t empera tu re  
w i l l  s t a y  w i t h i n  the d e s i g n  li throughout  t h e  a c t i v e  
l i f e  t i m e  of t h e  s a t e l l i t e  t h a t  h o p e f u l l y  one y e a r ,  

V a r i a t i o n s  a r e  main ly ldue  t o  t h e  t i m e  of s u n l i g h t  
d u r i n g  each  r e v o l u t i o n  and due o the  changes  of t he  
p o s i t i o n  of t h e  sun  wi th  r e s p e c  t t o  t h e  a t t i t u d e  of t h e  

I 
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s a t e l l i t e  a x i s  i n  space ,  The f ' r i n g  t i m e  of Explorer  VI1 
h a s  been selected such a s  t o  min 1 mize t h e  angu la r  d e v i a t i o n s  
of the  sun from t h e  s a t e l l i t e  e q d a t o r "  

I might add it a c t u a l 1  w i l l  no t  s t a y  c o n s t a n t  
bu t  w i l l ,  the  p o s i t i o n  of t h e  s u  w i l l  o s c i l l a t e  i n  
s i n u s s o i d a l  f a s h i o n  around the m an p o s i t i o n  a t  t h e  e q u a t o r  
of the  s a t e l l i t e ,  

I n  t h e  t i m e  span from irst of November t o  15 th  
of December t h e  t empera tu res  of he t r a n s m i t t e r  s t ayed  

n o t  more t h a n  p l u s  o r  minus two 
almost  c o n s t a n t  a t  18 degrees ce t i g r a d e  w i t h  v a r i a t b n s  of 

P r e s e n t l y  Explorer  VI1 goes through ano the r  pe r iod  
of 100 per c e n t  s u n l i g h t  from t h  25th of December t o  t h e  
first of January,  

The tempera ture  s e q u i r  ments for  t h e  ins t rument  
package a r e  determined for t h e  u pe r  l i m i t  by t h e  t r a n s -  
mitter and t h e  b a t t e r i e s  and f o r  t h e  lower l i m i t  by  t h e  
b a t t e r i e s  t h a t  would freeze o u t  i ' f  the  tempera ture  drops 
below zero degrees c e n t i g r a d e ,  I 

The solar ce l l s  would l l o w  higher  t empera tu res  
than 6Q degrees, i f  n o t ,  their  ower o u t p u t  w i l l  dec rease  
w i t h  i n c r e a s i n g  t empera tu res ,  

In  a d d i t i o n  t o  t h e  ef of t h e  s u n l i g h t -  
shadow per iods  and t h e  a t t i t u d e  a x i s  t o  t h e  sun,  
other impor tan t  f a c t o r s  on t h e  t of s a t e l -  
l i t es  a r e  t h e  v a r i a t i o n s  of t h e  environment 
from sun ,  a l b i n o  and e a r t h  r a d i  t h e  change of 
s u r f a c e  c h a r a c t e r i s t i c s  t o  t h e  e t h e  en= 
vironment of space ,  

Now, t o  the second p a r  : The exper iments  of 
Explorer VI1 i nc lude  the measure e n t  of f i x e d  t empera tu res  
by  s e n d e r s  whose o u t p u t  is t r a n s  i t t e d  through t h e  teJemeter-. 
on 20 megacycles, B e s i d e s  the t r a n s m i t t e r  tempera ture  or 
d iminut ion  the fo l lowing  tempera U P ~ S  a r e  monitored i n  
a con t inuous  sequence,. s k i n ,  sol r cells, batteries, 
Geiger Mueller  tube and a hemisp ~ e r i c a 1  sende r  of polished 
gold on t h e  s a t e l l i t e  e q u a t o r ,  , 

A 1 1  exper iments  a r e  wo k i n g  w e l l  and a tremendous 
amount of v a l u a b l e  informat ion  i obta ined  from t h e  t e l eme te red  
records of t h e  t r a c k i n g  s t a t i o n s  i 
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Eva lua t ion  h a s  been 
d a t a  of t h e  ABM t r a c k i n g  s t a t  
from other  s t a t i o n s  and w i t h  r 
Wisconsin r a d i a t i o n  experiment 

R e s u l t s  from t h e  ana 
ment w i l l  i n c r e a s e  our knowled 
space  and its e f f e c t  on s a t e l l  
u s  t o  improve t h e  thermal  d e s i  

Up t o  now Explorer V 
complete d a t a  coverage of temp 
experiment  is cons idered  ve ry  

19 

s t a r t ed  on t h e  tempera ture  
.ons,  C o r r e l a t i o n  wi th  d a t a  
t s u l t s  of  t h e  U n i v e r s i t y  of 
is i n  p rogres s .  

. y s i s  o f  t h e  thermal  e x p e r i -  
;e of t h e  environment i n  
.tes and w i l l  i n  t u r n  a l low 
;n o f  f u t u r e  s a t e l l i t e s .  

: I  h a s  g iven  t h e  m o s t  
t r a t u r e  measurements, t h e  
; u c c e s s f u l .  
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MR. ROSEN: P e t e r ?  ~ 

QUESTION:: Based on h a t  w e  have r ece ived  so f a r ,  
i n  t h e  t empera tu re  measurement , what  improvements would 
you p o s s i b l e  sugges t  f o r  a f u t  re  s a t e l l i t e  such as t h i s ?  
I s a y  it may lead t o  improveme t ,  o b v i o u s l y  i t  w i l l .  I a m  
wondering if you found any f a i  u r e s  or any th ing  t h a t  
cou ld  be improved so  far? 

blR, HELLER: Well, a t u a l l y  t h i s  t he rma l  c o n t r o l  
worked q u i t e  s a t i s f a c t o r i l y ,  b t requi rements  fo r  a f u t u r e  
s a t e l l i t e  as such  w i l l  i n c r e a s  I W e  w i l l  v e ry  l i k e l y  have 
t o  now des ign  down t h e  tempera u r e  ' l i m i t s  and have more 
d i f f i c u l t  r equ i r emen t s  f u l f i l l  d .  So t h i s  i n fo rma t ion  w i l l  
h e l p  u s  do t h a t ,  

4 4 ~ 

QUESTION: You said omething about  you hoped 
t h a t  t h e  a c t i v e  l i f e  of t h e  sa e l l i t e  would be one y e a r .  
You meant one y e a r  f o r  g i v i n g  u t  in format ion?  As I under= 
s t a n d  i t ,  t h e  l i f e t i m e  of t h i s  a l o f t  I s  about  twenty y e a r s ,  
i s n ' t  i t? 

MR. HELLER; The l i f d t i m e  i s  much l o n g e r .  

MR, ROSEN: There is a t i m e r  i n  i t  t o  make i t  stop 
t r a n s m i t t i n g  i n  abou t  a year, ~ 

QUESTION :: draw up a l i t t l e  s k e t c h  of 
t h i s  i n n e r  and o u t e r  s h e l l ?  

MR. HELLER:: I d o n ' t  know whether everyone : c a n  
see i t .  The s a t e l l i t e ,  what I c a l l  equa to r  is t h i s  s h o r t  
c y l i n d r i c a l  p a r t  i n  t h e  middle;  w e l l ,  i t  is r o t a t i n g  around 
t h i s  ax i s ,  so t h i s  co r re sponds  to t h e  e q u a t o r ;  t h i s  is t h e  
upper s h e l l  and t h i s  is t h e  l o  er s h e l l ;  and t h e  main pur- 
pose  of a s s u r i n g  t h i s  r a d i o a c t i v e  t r a n s f e r  from one s ide  t o  
t h e  o t h e r  is  t o  minimize t empera tu re  ex t remes .  The sun  . 
d u r i n g  t h e  o s c i l l a t i o n  i t  makes around t h i s  e q u a t o r i a l  mean 
p o s i t i o n  is a t  t h e  p o s i t i o n  no , r i g h t  now i t ' s  somewhere 
here and almost no l i g h t  would f a l l  on t h i s ,  and  t h i s  s h e l l  
would run  cons ide rab ly  h o t t e r  ~ t e n  t h e  lower s h e l l ,  and 

s a t e l l i t e .  
aga in  t h i s  would a f f e c t  a l l  t e  e r a t u r e  extremes i n  t h e  

T h i s  rate of t r a n s f e r  is c o n s i d e r a b l e .  A c t u a l l y ,  
i t ' s  q u i t e  i n t e r e s t i n g  t o  l e a r n  d u r i n g  t h e  p r o c e s s  of t h i s  
d e s i g n  t h a t  it cou ld  n o t  be con d u c t e d  from one s ide  t o  t h e  
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o t h e r  even w i t h  v e r y  heavy co per  b a r s .  The r a d i a t i o n  trans- 
f e r  is q u i t e  e f f e c t i v e ,  4 ~ 

m. ROSEN: Y e s ,  ~ 1 4  

QUESTION: You a l i t t l e  c l o s e r  c o n t r o l  
might be necessary  t o  T h i s  appears t o  m e ,  
a 25-degree v a r i a t i o n  even much smaller 
t h a n  you w i l l  f i n d  i n  on ear th .  

MR, ROSEN: Did you(ment ion  t h a t ?  

MR. HELLER: That i r i g h t ,  a t  p r e s e n t  t h i s  is t h e  
t r a n s m i t t e r  temperkture ,  t h e  which i s  now i n  a 
f a v o r a b l e  p o s i t i o n .  N o w ,  0 t h  d e f i n i t e l y  are 
h i g h e r  and a l s o  lower a t  d i f f  t h e  s a t e l l i t e .  

QUESTION: Do you h ve  f i g u r e s  f o r  t h e  h igh  and 
l o w  s k i n  tempera tures?  i I 

MR. HELLER: Y e s ,  w have s o m e  f i g u r e s .  I hes i -  
t a t e  t o  quo te  t h e s e  f o r  t h i s  ea son ,  so f a r  w e  have no t  a 
complete c y c l e  which w e  t r y  t g e t  f r o m  a l l  s t a t i o n s  so 
w e  J u s t  -- t h e  t empera tu res  o t h e  s k i n  go t o  q u i t e  Some 
ext remes ,  go up and l o w ,  t o  e e n  t empera tu res  below free- 
i n g ,  SO any p o i n t  w e  have mea u red  does  not  g i v e  a complete 
p i c t u r e  because i t ? s  j u s t  an  r b i t r a r y  p o i n t  of such a 
curve .  What w e  t r y  t o  do is o r u n  a computing program 
where w e  fed i n  i n f o r m a t i o n ,  c jor re la ted  t h i s ,  and t h e n  w e  

m a k e s  s e n s e ,  

4 1 
a c q u i r e d  c e r t a i n  conf idence  t a t  a s p e c i f i c  measurement 

QUESTION: Could w e  have t h o s e  even i f  t hey  are 
not  complete? 

MR. HELLER: W e l l ,  tihey are p r e s e n t l y  no t  a v a i l -  
a b l e  i n  a form. You c e r t a i n l y /  c o u l d  have them. 

me LA GOW: They cdu ld  be made a v a i l a b l e ?  

m. HELLER: They c d u l d  be made a v a i l a b l e .  

QUESTION: Could yo4 g i v e  u s  a rough estimate, 
I your memory of i t? ~ 

MR. HELLER: W e  have/ t e m p e r a t u r e  measurements on  
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t h e  s k i n  -- maybe I can s k e t c h  kt s o m e w h a t .  

A t y p i c a l  c y c l e  0f a k i n  tempera ture  d u r i n g  one 
r e v o l u t i o n  would look somewhat l i k e  t h i s ,  t h i s  be ing  t h e  
shadow area and w e  e n t e r  s u n l i g  t ,  w e  have a s t e e p  r ise  and 
t h e  maximum is  no t  a t  t h e  end p i n t ,  a t  t h e  end of t h e  
shadow a g a i n  because t h e  maxim ~ m is where a l l  r a d i a t i o n  
t o t a l  is  a t  a peak i n c l u d i n g  th a lbedo  and w e  have a d rop  
of t h e  a lbedo  i n  t h i s  r e g i o n ,  t nd t h e n ,  of c o u r s e ,  a s t e e p -  
er drop  up i n  t h e  shadow, I 

Now, t h i s  p i c t u r e  is g a i n  dependent on t h e  
a t t i t u d e  of t h e  s a t e l l i t e  w i t h  e s p e c t  t o  t h e  sun;  so ,  
a c t u a l l y  i f  w e  would p l o t  t h e  c r v e  f o r  t h e  next  day,  i t  
might be somewhat d i f f e r e n t ,  A s o ,  w e  have a d d i t i o n a l  
changes t h a t  t h i s  shadow pe r iod lchanges ,  so i n  100 pe rcen t  
s u n l i g h t  a l l  t empera tu res  are h ighe r  and i t  almost  goes  

1 
through a c y c l e  l i k e  t h i s .  Wha w e  have ob ta ined  are ,  of 
c o u r s e ,  p o i n t s  h e r e ,  h e r e ,  h e r e  and so  on .  

Now, I ' l l  quo te  a f i g  re which I s a i d  cannot  
g i v e  any d e t a i l e d  f i g u r e ,  canno g e t  a complete p i c t u r e .  
We have a v a l u e  l i k e  t h i s  and w have v a l u e s  as low as 
5 d e g r e e s  c e n t i g r a d e ,  t h i s  53, lBut a g a i n  w e  do no t  know 
exac t ly .  I pu t  t h e s e  a r b i t r a r i i y  on t h e  cu rve  he re .  We 
do n o t  know e x a c t l y  w h e r e  t h e y  are and how t h e y  c o r r e l a t e ,  
and so if you o b t a i n  i n f o r m a t i o  1 i t  w i l l  be ve ry  ske tchy  
and w i l l  be ha rd  t o  g e t  t o g e t h e t  what it a c t u a l l y  means. 
What w e  are t r y i n g  t o  do is t o  q s t a b l i s h  such t h e o r e t i c a l  

i 
c u r v e s  and g e t ,  t h e n ,  measureme ts t h a t  would f o l l o w  t h i s  
s p e c i f i c  computed cu rve .  W e  e x  ect  some d e v i a t i o n s  from 
t h e s e  t o  t h e  weather  v a r i a t i o n s  and o t h e r s ,  and hope fu l ly  
w e  can  a l s o  e x p l a i n  t h e s e  b y  co r e l a t i o n  w i t h  t h e  r a d i a -  
t i o n  e q u i l i b r i u m ,  But u n l e s s  w have done t h i s ,  it is a 
ve ry  ske tchy  p i c t u r e ,  

MR, NEWELL: I might ake  a g e n e r a l  comment i n  
h e r e  t h a t  when t h e  s a t e l l i t e  bu i n e s s  began,one of t h e  
main problems w a s  t h e  q u e s t i o n  i! f whether one would be a b l e  
t o  c o n t r o l  t empera tu res ,  and t h e  s e r i o u s  q u e s t i o n  was 
whether one would be a b l e  t o  colbtrol  t empera tu res  i n  t h e  
i n t e r i o r  of t h e  s a t e l l i t e  i n  which ba t te r ies ,  t r a n s i s t o r s  
and other  equipment would o p e r a t $  p r o p e r l y ,  The r e s u l t s ,  
s u c c e s s  of  t h i s  s a i e l l i t e ,  and o o t h e r s ,  i n d i c a t e  two 
t h i n g s :  one ,  t h a t  w e  have been t b l e  t o  handle  t h e  problems 
t h a t  w e  f a c e d  so f a r ;  and t w o ,  iooking  forward t o  t h e  
f u t u r e  one may expec t  t o  be ab14 to produce t empera tu res  

i 
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i n  l i m i t e d  r e g i o n s ,  i n  c a v i t i e s ,  f o r  example, i n  Deer F l a s k s  
t h a t  s t a y  c o n s t a n t  f o r  a f r a c t i d n  of a degree f o r  such 
t h i n g s  as  v e l o c i t i e s  and so  o n . !  

MR. ROSEN: A l l  r i g h t  .) 
MR. LA GOW: Next w e  $11 have D r .  Mart in  

I 

Pomerantz describe t h e  heavy co  m i c  r a y  experiment  t h a t  he 
and D r .  P h i l i p  Schwed have done.! 

I 
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They come froni the f a r  
and have t r a v e l e d  v a s t  d i s t a n c e s  

C:R. TOMERLNTZ. 1 alii s * mply  a c t i n g  a s  s;>ol:esinan 
t0dr.y for a group c o n s i s t i n g  of he group 01  hil lip Echwed. 
Who is i n  t h e  audience  and the 1 tc  13r. Gerha r t  Groe tz ingc r ,  
who passed  away b e f o r e  t h i s  s a t e  i l i t e  was launched. 

r e a c h e s  of ou r  ga l axy  
through i n t e r s t e l l a r  

T h i s  experiment  was d e  i g n e d  t o  i n v e s t i g a t e  the 
heavy pr imary cosmic r a y s ,  T h e s  cons is t :  of hcavy a toms  
s t r i p p e d  o f e x t e r n a l  e l e c t r o n s  a n  endowed w i t h  ve ry  h i g h  
e n e r g i e s ,  

We can  l e a r n  much of fpndamentzl  i n t e r e s t  b y  
s tudy ing  the i r  c h a r a c t e r i s t i c s .  1 For example,  t h e  chemical  
composi t ion  of tile s o u r c e s  of co mic r a d i a t i o n s  re- 
f lccted i n  their abundances.  f 

I t  is remarkable  t h a t  eavy pr imary cosmic 
r a y s  can  wi ths t and  t h e  p r o c e s s  w ereby tlicy a c q u i r e  

a c c e l e r a t i o n  mechanism must a c c o b n t  f o r  t h c  c n a r a c t e r i s -  
t i c s  of t h i s  component, I 

the i r  e n e r g i e s  wi thou t  s p l i t t i n g 1  F up any t h e o r y  of the 

Furthermore,  t h e  f a c t  h a t  t h e y  have s u r v i v e d  
t h e i r  long  jou rney  y i e l d s  inforti1 t i o n  about  c o n d i t i o n s  
i n  cosmic space .  The p a r t i c u l a r  f r a c t i o n  which w e  have 
set o u t  t o  s t u d y  compr ises  t h o s e  e lements  h c a v i e r  t h a n  
boron on the p e r i o d i c  t a b l c .  

We wished t o  de te rmine  1 t h e  energy  d i s t r i b u t i o n  
of these p a r t i c l e s ,  t h a t  is t h e  o p u l a t i o n  i n  terms of the 
ene rgy ,  and t h e  p o s s i b l e  changes  

For t h e  former puri>ose it  is necessa ry  t o  know 
w i t h  c o n s i d e r a b l e  accuracy  the v r i a t i o n  0 ;  tlicir r a t e  
of Z r r i v a l  w i t h  geograph ic  loca-t on.  p 

r eco rd  
is accompl shed obv ious ly  by i The d a t a /  

moni tor ing  the r a t e  of a r r i v a l  a f i x e d  l o c a t i o n s  over 
extended p e r i o d s  of time s u c h  a s ,  is f e a s i b l e  wi th  t h i s  
:]ai* t i c u  l a  r s a t e  11 it e .  

Thc d e t e c t o r  cciploycd 4s a s o - c n l l e d  pu l scd  

!AQcailS of a p p r o p r i a t e  e l e c t r o n i c  cel’vix cocaiic r a y s ,  t h c  

l i o n i z a t i o n  chamber, and i t s  use ~ c n a b l e s  t7.s t o  se lec t  by 

iic::vy pr imary  cosmic r a y s :  even i b  the prcsenceof  a iiiuch 

1 
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l a r g e r  bnc;cp*ouncl of rncj int ion 41 o t h e r  t y p e s  'a'liis is t h e  
f i r s t  occas ion  on which t h i s  s o  t of d e t e c t o r  h a s  been usccl 
i n  a s a t e l l i t e  exper iment ,  I t  a s  proved e s p e c i a l l y  w e l l  
adapted  t o  t h i s  a p p l i c a t i o n  i t  combines a h igh  
s e n s i t i v i t y  and a g r e a t  for  d i s c r i m i n a t i n g  
a g a i n s t  i n t e r f e r i n g  ex t remely  low weight ,  

The a s s o c i a t e d  c lectr  n i c s ,  which is less t h a n  
a pound i n  weight  and is a c t u a l  y a f r a c t i o n  of t h e  s i z e  
of t h e  d e t e c t o r  i t s e l f ,  perform t h e  f u n c t i o n  of  
l a b o r a t o r y  equipment f i f t y  t o  1 0 times a s  heavy, The  
r e s u l t s  t o  d a t e  have shown t h a t  i t h e  d e s i r e d  performance 
was indeed a t t a i n e d .  I 

S p e c i f i c a l l y  w e  have een  a b l e  t o  o b t a i n  a 
p r e l i m i n a r y  r e p r e s e n t a t i o n  o f  t e energy  dependence. As 
mentioned b e f o r e ,  t h i s  h a s  been 1 accomplished by de te rmin ing  

l o c a t i o n  how t h e  r a t e  o f  a r r i v a l  depends upon geographic  
of t h e  s a t e l l i t e  s n d ,  f o r  examp e ,  a t  h i g h  l a t i t u d e s  
t h e  coun t ing  r a t e  is approximat l y  t e n  times a s  l a r g e  a s  
it is a t  t h e  e q u a t o r ,  

I t  may be remarked t h  t t h e  c a p a b i l i t y  of 
making such  a l a r g e  s c a l e  s u r v e  a t  a r a p i d  r a t e  is one 
of t h e  g r e a t  advantages  of a s a  e l l i t e  v e h i c l e  Tor i n v e s t i -  
g a t i o n s o f  t h i s  t ype .  

T h i s  d e v i c e  p e r m i t s  a v e r y  c r i t i c a l  examinat ion  
of t h e  e f f e c t s  of t h e  e a r t h ' s  m g n e t i c  f i e l d  one charged 
p r t ic les  approaching  t h e  a r e a  nd this is v e r y  impor t an t  
f o r  a number of v e r y  p r a c t i c a l  e a s o n s ,  e s p e c i a l l y  i n  t h e  
communications f i e l d .  i 

F l u c t u a t i o n s  i n  i n t e n  i t y  p robab ly  a s s o c i a t e d  
w i t h  s t o r m s i n  t h e  s u n  have been 1 lobserved b u t  have not ye-t 
been s t u d i e d  i n  any d e t a i l ,  . I 

I 

Tie e x p e c t  t h a t  t h e  f i  a 1  a n a l y s i s  of t h e s e  
f l u c t u a t i o n s  will e x i s t  i n  our n d e r s t a n d i n g  o f  t h e  effects  
of s o l a r  i n f l u e n c e s  on cosmic r 

I n  p a r t i c u l a r ,  we sha  1 be e s p e c i a l l y  i n t e r e s t e d  
e m i t t e d  d i r e c t l y  by i n  s e e k i n g  t o  d e t e c t  any heavy i u c l c i  

t h e  sun  -- a n  occur rence  known o t r z n s p i r e  i n  t h e  c a s e  
of hydrogen, the most abundant 1 omponent of cosmic - r a d i a t i o n  
ob ta ined  when a v e r y  i n t e n s e  ; l a i t  0 2  the t r a p p c d  r a d i a t i o n  
bel ts  a r e  c o n s i d e r a b l y  h igher  t' 6 a n  normal .  
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The i n c r e a s e  is much m a l l e r  t h a n  t h a t  registered 
b y  o ther  t y p e s  of detectors u s e  i n  t h e  s t u d i e s  of t h e  
be l t s ,  The e x i s t e n c e  of  t h i s  r s i d u a l  coun t ing  r a t e  
a p p e a r s  t o  be of  c o n s i d e r a b l e  f o r  unde r s t and ing  
t h e  n a t u r e  of t h e  p a r t i c l e  i n  
i n i t i a t e d  f u r t h e r  

As o f  t h e  p r e s e n t  mom n t  w e  have n o t  had enough 
d a t a  and the  c a l i b r a t i o n s  have o t  been performed which 
a r e  r e q u i r e d  t o  s t u d y  t h e  s u b s i  i a r y  q u e s t b n .  

MR. ROSEN: nstrument  c a l i b r a t e d  t o  
g i v e  e n e r g i e s ?  

MR. POMERANTZ: I t  is c a l i b r a t e d  t o  detect 
p a r t i c l e s  which have an  a tomic  umber l a r g e r  t h a n  a c e r t a i n  
minimum v a l u e .  Carbon is t h e  l ' g h t e s t ,  z e q u a l s  6 .  a tomic  
No.6, and t h e  p a r t i c l e s  which i detects  a r e  r e l a t i v i s t i c  
p a r t i c l e s ,  t h a t  is t h e  p a r t i c l e  i moving w i t h  t h e  v e l o c i t y  
of l i g h t *  I 

I t  would reject t h e  l c / w e r  energy  p a r t i c l e s  

QUESTION: A r e n ' t  your most powerful cosmic r a y s  
t h e  heavy n u c l e i ?  I 

M R ,  POMERANTZ: Well, lif we t a l k  about  t h e  u s u a l  
p rocedure  t o  cause  t h e  energy  p r n u c l e i ,  per p a r t i c l e  
i n  t h e  n u c l e u s ,  these heavy nuc e i  have e n e r g i e s  p e r  
n u c l e u s  comparable w i t h  t h e  nuc eus .  

t h a t  the  h i g h e s t  ene rgy  one wou d be a b l e  t o  c a r r y ,  what 
k i t ,  56 times t h e  energy  -- wh 3 t e v e r  t h e  a tomic  weight 
is, a s  compared w i t h  t h e  proton,i  

I .  
T h i s  mean, for  exampl for an  atom l i k e  i r o n ,  

QUESTION: Howmany e l4ments  haveyou detected 
and what a r e  t h e y ?  ~ 

MR, POhfERANTZ: Well, t h e r e  a r e  groups  of 
ca rbon ,  n i t r o g e n  and oxygen, a n i  h e a v i e r ,  I n  other words :  
there a r e  t h r e e  r e g i o n s .  minimu a tomic  numbers. so  t h a t  
one can  t h e n  de te rmine  the  who1 spec t rum w i t h i n  t h a t  l i m i -  
t a t i o n .  The lowest one is 6 ,  , and 16. rough ly ,  

One cannot  get a v e r y ' s h a r p  c u t  o f €  i n  t h i s  
c a l i b r a t i o n  because  of v a r i a t i o n  i n  p a t h  l e n g t h  through 
t h e  c h a i n  and t h i n g s  of t h a t  sogt, b u t  these a r e  t h e  r anges .  
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cl, UL: I’ I 2;; ,In?vc you d p t e c t e d  i r o n ?  

Oiic  c:?nEot s p e c i f i c a l l y  s a y  whether I q. K T ’ - - ,  , 1 .* 1 i i A .  _’ U . ~ L J A L : ~ L ~  1 z 
there is a nuc leus  of i r o n  b u t  here have been p a r t i c l e s  
w i t h  a tomic numbers l a r g e r  t h a n  ,16, some of which c e r t a i n l y  
c o u l d  have been i r o n  I 

There  is no way t o  i d e b t i f y  them., 

QUESTION, 17ell. ca rbob ,  n i t r o g e n  and oxygen 
a r e  t h e  on ly  ones  you c a n  def in i - te ly  s a y  you have d e t e c t e d .  
is t h a t  r i g h t ?  1 

t h e  Power l i m i t  ca rbon  
That i F  IJR POXERANTZ 

1s t h e  lower l i m i t  In  o ther  w w d s  t h e  lowest channe l  
would detect e v e r y t h i n g  h e a v i e r  han carbon t h e  n e x t  
lowest channel  would s t a r t  a t  a i ghe r  p l a c e .  so  t h e y  a r e  
n o t  mutua l ly  i n c o n s i s t e n t  I 

I n  other words i f  a p b r t i c l e  is i r o n  it would 
send o f f  a l l  three c h a n n e l s .  I 

I 

Iiow would ou r e l a t e  t h e  s t u d y  i n  B QUEST I ON 
which you were involved  t h e  e x p p i m e n t  i n  which you were 
involved  a s  it re la tes  to communbeatisns w i t h  t h a t  of 
hlr 0 ’Br ien?  

I 

MR,pOMERANTz. Tarell, o e of t h e  u s e s ,  i f  I may 
use t h a t  t e r m :  of cosmic r a y s  is 1 t h a t  t h e y  s e r v e  a s  a 
probe  having  passed  through t h e  Fegions  su r round ing  t h e  
e a r t h ,  so  t h e y  go through a11 s o t t s  of magnet ic  c l o u d s ,  
magnetized c l o u d s  t h i n g s  of t h a t  s o r t .  which on  occas ions  
can  i n h i b i t  cosmic r a y s  prevent i them from reach ing  t h e  
e a r t h  

I n  t h i s  s e n s e  it is sf/ g r e a t  i n t e r e s t  t o  compare 
t h e  changes of t h e  t y p e  t h a t  tlr I 0 ” E r i e n  h a s  d i scussed  
w i t h  t h o s e  on t h e  heavy n u c l e i  w i c h  r e p r e s e n t  t h e  much 
d i f f e r e n t  energy  r ange  of p a r t i c  

So, i n  this s e n s e  t h e  I n v e s t i g a t i o n s  a r e  q u i t e  
r e l a t e d  One p o i n t  which 1 should  emphasize is t h a t  we 
know t h a t  t h e  e a r t h ‘ s  magnet ic  f i e l d . .  w e  unde r s t and  how 
t h e  e a r t h ‘ s  magnet ic  f i e l d  a f f e c t s  t h e  o r b i t s  of incom- 
i n g  p a r t i c l e s  and r e c e n t l y  we ha e begun t o  unde r s t and  
t h a t  t h e  i d e a l  c o n d i t i o n s  t h a t  w u ld  a p p l y  a t  t h e  e a r t h ’ s  
f i e l d  cou ld  be r e p r e s e n t e d  b y  a i a r  magnet, b y  a d i p o l e  
breakdown, and it is of g r e a t  i n t e r e s t  to i n v e s t i g a t e  t h i s  
i n  d e t a i l .  t h e  d e p a r t u r e s  from tqis i d e a l  c o n d i t i o n  

I 
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a r e a  beyond o u r  competence, a l l  

28 
Now, these p a r t i c u l a t  heavy n u c l e i ,  since t h e  

detector is not so t h e  v a r i a t i o n s  of 
a l t i t u d e s  t h a t o t h e r  one an 
e x c e l l e n t  method of e s s e n t i a l l y  
the  p l a c e s  where a 

our experiment  can  do is 

In  other words, isombgnetic l i n e s ,  e s s e n t i a l l y .  

QUESTION: There ha been some ques t ion  about t h e  
possibility of primary cosmic a d i a t i o n  be ing  d e t r i m e n t a l  
t o  lif'e on t h e  moon. 

IS your experiment l k k e l y  t o  shed any l i g h t  on 
t h i s ?  I 

I w i l l  s a y  t h i s ,  thalt t h e  c h a r a c t e r i s t i c  of heavy 
n u c l e i  a s  compared w i t h  t h e  px/otons is t h a t  t h e y  would 
i o n i z e  ve ry  much more dense ly  / i n  a l i m i t e d  r e g i o n  t h a n  a 
p r o t o n  would s i n c e  t h e  i o n i z a  i o n  goes a s  t h e  atomic number 
t o  the second squa re ,  e2b so $I terms of  i o n i z a t i o n  
t h e y  a r e  ve ry  i n t e n s e l y  ionizqng., 

What t he  effect of dhis is I would h a t e  t o  guess .  

QUESTION: 
and what e n e r g i e s  t h e y  a r e ?  1 

Have you any e s t i m a t e s  on how many 

NIR, POMEMNTZ: The heavy n u c l e i  comprise something 
l i k e  the  one per c e n t  of t he  o t a l  cosmic r a y  i n t e n s i t y  
t h a t  is t h e  g a l a c t i c  i n t e n s i  y p  what you would f i n d  o u t s i d e  
of the  r a d i a t i o n  belts. 

That number is soug l y  one per  s q u a r e  c e n t i -  
meter per second, so t h i s  wou d be one per c e n t  of 
t h a t ,  t h i s  is a b a l l  pa rk  figqre, it depends on where YOU 
a r e  w i t h  respect t o  the  ea r th ' l s  magnetic f i e l d ,  so they  
a r e  no t  ve ry  p l e n t i f u l  i n  terms of the  i n t e n s i t i e s  t h a t  
you would f i n d ,  say ,  i n  the d a d i a t i o n  belts,  for  t h i s  
r eason  one is hopeful, t h a t  t h d y  may n o t  do ve ry  much. 

2 

QUESTION: T h i s  estt imate of one per  c e n t  
I t h i n k  is one t h a t  was made Uefore t h i s  was s e n t  up. 

MR, POMERANTZ: Yes, ,  t h i s  one p e r  c e n t  is -- t h i s  
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order of magnitude is certainlyjwell-established and t h i s  
is c e r t a i n l y  not 3 ncw r c s u l t .  ~ 

Q'c~~SS'L'ION: You have npt found rnyt l i ing  t o  d i s t u r b  
t h a t  estimn tc?  , 

I I R ,  POMERXNTZ: No; I /  would s a y  t h a t  t h e  k ind  
of coun t ing  r a t e  is c o n s i s t e n t  fvith t ho  e x p e c t a t i o n  
on t h a t  ground. 

QUES'i'ION: Does t h a t  b o l d  t r u e  for e n e r g i e s  
3 lso? I 

MR. POMERANTZ: I n  t e  m s  o f  energy ,  w e  f i n d  t h a t  what 
we measure is e s s e n t i a l l y  the  p p u l a t i o n  d e n s i t y  i n  terms 
of energy  and we f i n d  t h a t  t h e  I nergy spec t rum goes rough ly  
somcthing l i k e  onc ovc r  t h o  cnekgy; t h i s  is ve ry  c rude .  

Inother words, there ould be ten times a s  
many p a r t i c l e s  above a b i l l i o n  v r: I t s ,  if you take a l l  o f  

t h e  p a r t i c l e s ,  as above t e n  b i l k i o n  v o l t s ,  t h a t  k i n d  of 
order of magnitude, That  'is veky c rude .  

LIK. 0 ' I 3 R I J ( N :  Might! I a d d  soamthing horc 
which may or nay no t  c l a r i f y  t h ~ i i ~ s ?  

Oi ic  of' t h e  p a r t i c u l a r ;  advantages  of D r .  Schwed's  
experiment  as I see i t  is t h a t  r e v i o u s  o b s e r v a t i o n s  
of these heavy p r i m a r i e s  have b e n  made w i t h  b a l l o o n s .  

You d o  n o t  g e t  heavy br imaries  a t  s ea  level;  
t h e y  f a d e  out so you have t o  go/ up i n  b a l l o o n s  o r  
rockets. Bal loons  w i l l  o n l y  st y up there, t h e y  a r e  being 
v e r y  f a v o r a b l e  t o  you f o r  24hou s or  so, Whereas t h i s  
p r e s e n t  experiment  is j u s t  g o i n  t o  go w h i r l i n g  around 
c o l l e c t i n g  these heavy p r i m a r i e  I fo r  about  a y e a r  and t h i s  
is q u i t e  a fundamcntrllimprovemo/lit. 

MR. POMERANTZ : Thank/ you, 
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MR. LA GOW- I f  t he re  jare no more q u e s t i o n s  on t h a t ,  
w e  w i l l  go to t h e  solar r a d i a t i  n experiment U n f o r t u n a t e l y ,  
D r ,  Friedman and D r .  Chubb c o u l  not be here  today ,  from t h e  
Naval Research Laboratory,  t h a t  'sponsored t h i s  experiment ,  so 
D r .  Chubb prepared a s ta tement  u/hich I will read t o  you. 

4 
The so la r  r a d i a t i o n  e periment i n  Explorer  VI1 has 

been responding almost e x c l u s i v  l y  t o  t rapped pa r t i c l e  radia- 
t i o n  r a the r  t h a n  t o  X-ray and L man-alpha r a d i a t i o n  from t h e  
s u n .  One c a n  conclude from t h e  experimental  data t h a t  an 
experiment t o  monitor s o l a r  X - r  i y r a d i a t i o n  must e i t h e r  be 
carr ied out below an a l t i t u d e  04 300 m i l e s ,  or t h a t  means 
must be provided t o  p r o t e c t  t h e  t h i n  window r a d i a t i o n  detectors 
fi*orii i n c i d e n t  e l e c t r o n s ,  Despi t e t h e  problems a s s o c i a t e d  w i t h  
t rapped  e l e c t r o n s  
be ob ta ined  when r e c o r d s  from t d e  P a c i f i c  are s t u d i e d .  

i t  is f e l t  t q a t  v a l i d  so la r  data may y e t  

QUESTION I n  o ther  wdrds After  a l l  of our  f u t i l e  
a t tempt  t o  put up t h a t  exper imedt ,  i t  d i d n ' t  work? 

MH LA COW. Well ,  t h i s  is not  comple te ly  t r u e  
y e t  because only a p o r t i o n  of t e records,  a f a i r l y  s m a l l  
p o r t i o n  of t h e  records have bee examined and I would l i k e  t o  
a s k  B r i a n  O ' B r i e n  t o  comment o w t h i s  point 

f 
MR, O'BRIENO A s  you t$ay have g a t h e r e d ,  our  main 

s tudy  t h e  t rapped  po in t  i n  p u t t i n g  our  appa ra tus  4p is t o  
r a d i a t i o n  Now w e  are g e t t i n g l q u i t e  a l o t  of measurements 
of t r apped  r a d i a t i o n  Unfortun t e l y  for  every  measurement 
w e  ge t  t h i s  means t h a t  t h e  ssk r detectors  d o n ' t  g e t  a 
measurement because t h i s  t r appe  1 r a d i a t i o n  is i n t e r f e r i n g  
w i t h  i t  So t h e y  j u s t  have t o  na lyze  t h e i r  data and 
a c t u a l l y  s o r t  through s o  a s  t o  e l e c t  p e r i o d s  i n  which there  
is no trapped r a d i a t i o n  or negl  I g ib l e  trapped r a d i a t i o n  
h i t t i n g  t h e i r  d e t e c t o r s  So a l ihough t h i s  is a n a s t y  t h i n g  
i n  that it  reduces  the total pe centage  of t i m e  t h a t  w e  are 
e f f e c t i v e .  a l though  I use t h a t  ord " e f f e c t i v e "  i n  a l i t t l e  
b i t  of a dubious w a y ,  I t h i n k  t i! e y  are always e f f e c t i v e ,  
a l though  t h e  t rapped  r a d i a t i o n  hoes reduce t h e  t ime of measure- 
ments ,  n e v e r t h e l e s s  t h e y  still  have t i m e s  of measurements, 
j u s t  a s m a l l e r  amount 

MR. NEWELL. To p i ck  / h i s  po in t  up further,  you 
raised t h e  q u e s t i o n  by s a y i n g  ,'It was put up and i t  is no t  
s u c c e s s f u l  - '' You recognize  t h a t  t h e  o r b i t  of t h i s  s a t e l l i t e  
is e c c e n t r i c  and the re  are p o r t i o n s  i n  which t h e  equipment 
is below t h e  r a d i a t i o n  b e l t  enobgh t o  g e t  t h e  d a t a  t h e y  were 
a f t e r  o r i g i n a l l y  I 



C2 31 

They j u s t  haven ' t  work d o u t  t h i s  p a r t  y e t ,  When 9 t hey  do they  expect  t hey  w i l l  have what t hey  were f i r s t  a f t e r .  
But now i n  a d d i t i o n  they  are g e t  i n g  informat ion  on t h e  r a d i a t i o n  
b e l t ,  i n  p a r t i c u l a r ,  s ince  t h e  i i n i z a t i o n  chamber con t inuous ly  
p i c k s  up these r a d i a t i o n  b e l t  pa t i c l e s  when it  is i n  the  b e l t ,  
i t  w i l l  g ive  you q u i t e  a b i t  of ! nformation on t h e  s t r u c t u r e  
of t h e  i n n e r  p a r t  of t h e  r a d i a t i O n  belt,,  
look a t  i t  ano the r  way, t h i s  is $eing more s u c c e s s f u l  than  
w e  had expected.  

So i f  you want t o  

QUESTION: I d i d n ' t  m e  n t o  be c r i t i ca l .  I j u s t  
meant i t  w a s  one of t h e  f i r s t  t h  ngs w e  were going t o  put  up. 

YR. NEWELL: I t  had a long h i s t o r y  of p u t t i n g  it  up. 

QUESTION: What do youlmean by g e t t i n g  informat ion  
of t h e  s t r u c t u r e ?  

MR, NEWELL: You see ,  t f  i t  is reco rd ing  the  radia- 
t i o n  b e l t  p a r t i c l e s ,  as long  as t is i n  t h e  r a d i a t i o n  b e l t  
and d rops  down t o  a d i f f e r e n t  co i n t i n g  r a t e  as t h e  s a t e l l i t e  
comes o u t  of t h e  r a d i a t i o n  b e l t , l t h i s  t h e n ,  you see,  W i l l  
g i v e  you t h e  l o c a t i o n  of t h e  low$r edge of the  b e l t ,  I f  YOU 
have t h i s  over  a space  of t i m e ,  
in format ion  

MR, THOMPSON: T h i s  a: 
some low-energy r a d i a t i o n s  whicl 
van Al l en  c o u n t e r s ,  

MR, O'BRIEN: I might 
t h o s e ,  because D r .  Pomerantz an( 
for u s  w i t h  t h e i r  d e t e c t o r s  and 
Development people ,  So w e  are ( 

b i t  a p o l o g e t i c  t h a t  t h i n g s  are ( 

bou have some i n t e r e s t i n g  

so g i v e s  you some look a t  
are not  picked up by  t h e  

rdd t h a t  w e  c a n ' t  lose f r o m  
D r .  Schwed are measuring t h i s  

some of the  Naval Research 
l i t e  happy even though a l i t t l e  
m f u s i n g ;  t hey  are i s s u e s .  



wb=l 32 

MR, ROSEN: W e  have gq t  t o  move a l i t t l e  b i t  
f a s t e r .  

MR. LA GOW: I w i l l  relport on t h e  s t a t u s  of t h e  
micrometeor i te  and t h e  e r o s i o n  experiment.  Th i s  experiment 
is conducted t o  e v a l u a t e  some of t h e  hazards  i n  t h e  space  
environment . I t  c o n s i s t s  of th/ree evapora ted  cadmium 
s u l p h i d e  conductors  which are copered wi th  t h i n  bu t  o p t i c a l l y  
opaque f i l m s .  
v e l o c i t y  molecules or impacts  frbm micrometeorites would 
produce openings i n  t h e  covers .  ~ The admi t ted  s u n l i g h t  would 
change t h e  e lec t r ica l  res i s tance1  i n  t h e  c e l l  i n  p ropor t ion  
t o  t h e  area of t h e  ho le .  I 

The e r o s i o n  of th)ese s u r f a c e s  by e i t h e r  h igh  

A n a l y s i s  of t h e  t e l e m e  e r e d r e c o r d s  t o  d a t e  are 
incomplete  and a n  examinat ion of i” s e l e c t e d  r e c o r d s  from t h e  
f irst  months show t h e  fo l lowing:  

1, t h a t  approximately ne-half of 1 pe rcen t  of 
t h e  area of one c e l l  w a s  a d m i t t i  E g s u n l i g h t .  Th i s  punc- 
t u r e  occur red  du r ing  t h e  launch hase  and hence is not  
expec ted  t o  be from a micrometeo 1 i t e .  N o  f u r t h e r  penetra-  
t i o n s  or e r o s i o n s  have been noteh  t o  d a t e .  
equipment i n  t h e  c e l l ,  and t h e  tkmperature  s e n s o r ,  t o  
measure t h e  tempera ture  of one o/f t h e  ce l l s ,  h a s  func t ioned  
p r o p e r l y  e 

The t e l e m e t r y  

T h i s  experiment w a s  t e  emetered on t h e  108 M c  
t r a c k i n g  t r a n s m i t t e r  which w a s  1 1 s t  t r a c k e d  on December t h e  
4 t h  t h i s  y e a r  when its chemical ba t te r ies  were exhausted.  

h a l f  of 1 
t h e  -- 

QUESTION: 
p e r c e n t .  Did you s a y  @ne-half of 1 percentof  

I wonder, wbuld you c l a r i f y  t h a t  one- 

MR. LA GOW: Of t h e  t o t a l  area of one of t h e  ce l l s .  

QUESTION: What s ize  wbuld t h a t  be? 

MR. LA GOW: The c e l l  i s  3 m i l l i m e t e r s  i n  d i a -  
I 

meter. 

QUESTION: What do y o u  suppose t h a t  -- 

MR. LA GOW: V e r y  s m a l l .  

QUESTION:: What do youlsuppose t h a t  puncture  could  

, 
I 
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have come f r o m ?  

MR. LA @OW: I d o n 9 t  iknow, y e t .  

QUESTION: Well, I kqow you d o n ' t  know, but  is 
there any w i l d  idea or t heo ry  qn t h i s  launch phase? 

bfR. L A  GOW: The rea on I s a y  I t h i n k  i t ' s  si a s s o c i a t e d  wi th  t h e  launch phaqe is because it happened 
so qu ick ly  af ter  launch and  theire n o t  being subsequent 
punctures .  I t  could have been la d u s t  p a r t i c l e  from t h e  
v e h i c l e ,  p o s s i b l e .  

lldR. ROSEN: W e  move oin t o  t h e  next  one. 

MI. LA GOW: Next, 1 pvould l i k e  to ca l l  on 
Ab. Arthur  Thompson from ABM t b  r e p o r t  on t h e  uncovered 
solar ce l l  o p e r a t i o n .  

MR* THOMPSON: I woul l i k e  t o  po in t  o u t  t h a t  I a m  
no t  p e r s o n a l l y  t h e  sponsor  of t is. I t  i s  r e a l l y  a group 
sponsor sh ip ,  ABM and some of t 1 e people  from F o r t  Monmouth 
S i g n a l  Corps Agency. - The ' obbec t ive  of t h i s  experiment 
w a s  t o  determine the e f f e c t  of ppace environment on un- 
p r o t e c t e d  solar  ce l l s .  The resb l t s  so f a r  on t h e  o b j e c t i v e  
of t h i s  has  i n d i c a t e d  t h a t  t h e  cel ls  are o p e r a t i n g  p rope r ly  
a f t e r  t e n  weeks of o p e r a t i o n  i n /  t h e  unpro tec ted  space  above 
t h e  earth.  However, you have g t t o  p o i n t  out, here t h a t  
t h e  apogee of t h i s  s a t e l l i t e  is P about 673 m i l e s ,  t h i s  is 
below t h e ,  s a y ,  t h e  lower r a d i a t i o n  b e l t s  as they  are de- 
s c r i b e d  g e n e r a l l y .  Of cour se ,  f e  have lower energy ones  
as w e  no te  from t h e  NRL experimknt down t o  where w e  are,  
but  t h e  c e l l s - t h e m T v e s  are no$ being exposed t o  t h e  h igh  
energy p a r t i c l e s  t h a t  are t r apped  i n  the  r a d i a t i o n  b e l t s ,  
so what w e  are doing is a c t u a l  y proving t h a t  t h e  micro- 
meteorites, a f t e r  t e n  weeks,  ha e n ' t  s e r i o u s l y  a f f e c t e d  t h e  
cell .  

I t  w i l l  t a k e  an exper  men& on a s a t e l l i t e  which 
goes t o  a much h igher  a l t i t u d e  o determine t h e  e f f e c t  of 
r a d i a t i o n .  

That is a l l  1 would hdve on t h a t .  

MR. ROSEN: B i l l ?  

QUESTION: You mean tqat  t h e  q u a r t z  c rys ta l  
window t h a t  w e  have used or  a r e i u s i n g  for  t h e  p r o t e c t e d  
ce l l s  a l s o  o f f e r s  p r o t e c t i o n  ag$ins t  r a d i a t i o n  as w e l l  as 
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a g a i n s t  micrometeor i tes .  

MRe THOMPSON: 

QUESTION: By 

Y e s  

bout wl 
does  i t  reduce t h e  energy l e v e l '  

MR. THOMPSON: Br i an ,  
handle  t h i s  one? 

MR. O'BRIEN: I t h i n k  
h e r e  is  t h a t  damage can ar ise  t l  
w i l l  absorb  o u t  t h e  l i g h t  which 
t o  g e n e r a t e  t h e  e l e c t r i c i t y .  Yc 
face i f  you bombard i t  wi th  pari 
i n  t h e  l a b o r a t o r y ,  

MR. ROSEM: T h i s  is t l  

MR. O'BRIEN: Q u a r t z ,  
you expose i t  t o  i n t e n s e  r a d i a t :  
t i o n  damage, where r a d i a t i o n  is 
r a d i a t i o n  damage, 

QUESTION : Haven t thc 
w i t h  unpro tec t ed  c e l l s  and haver 
o p e r a t i n g ,  or o p e r a t i n g  q u i t e  wf 

MRo THOMPSON: I w i l l  
had one on Sputn ik  I11 which la5 
months -- l e t P s  pu t  i t  t h i s  w a y ,  
s a y s  t h a t  i t  w a s  s t i l l  going prc 
months; however, t hey  have t h e  5 

t h e i r  apogee w a s  something i n  tl 
it d i d n ' t  s t a y  -- of c o u r s e ,  th: 
bu t  it d i d n ' t  s t a y  t h e r e  very mi 
t h r e e  months of o p e r a t i o n  o r  so 
many hours  i n  t h e  r a d i a t i o n  be l l  

MR. ROSEN: The per igr  
miles and t h e  apogee w a s  1 ,167 n 

QUESTION: So, f o r  the 
go on p r o t e c t i n g  t h e  c e l l s  w e  ai 
u n t i l  w e  g e t  some a d d i t i o n a l  dat 
s a v e  t h a t  weight ,  

34 

.t f a c t o r ?  I mean how much 

ould  you or D r .  N e w e l 1  

he po in t  w e  have t o  cons ide r  
ough d i s c o l o r a t i o n  which 
wan t s  t o  g e t  i n t o  t h e  ce l l  

can a l s o  change t h e  sur -  
cles.  T h i s  is being done 

carbon-base p l a s t i c ?  

I n  an unpro tec t ed  one, i f  
n ,  t hen  t h e  s u r f a c e  r a d i a -  
oss ib le ,  t h e r e  is possible 

S o v i e t s  a l so  s e n t  up some 
t they  found them t o  be 
l? 

ake t h a t  one.  Y e s ,  t hey  
ed  something l i k e  two 
t h e  r e p o r t  t h a t  w e  g o t  
e r L y  something l i k e  t w o  
m e  problem t h a t  w e  have,  

o r d e r  of 1 ,200  m i l e s  bu t  
is i n  t h e  r a d i a t i o n  b e l t ,  

h of  i ts  l i f e t i m e ,  so 
t ill  doesn ' t  i n d i c a t e  very  

of Sputh ik  I11 was 135 
l e s e  

t i m e  be ing  I presume w e  w i l l  
r e l y i n g  upon f o r  power 
t h a t  w i l l  i n d i c a t e  w e  can 



wb-4 35 

MR. THOMPSON: S a t e l l  
t h e  rad ia t ion  b e l t s .  

QUESTION: The apogec 
h a s  been a t  what a l t i t u d e ,  arc 

MR. THOMPSON: You ai 

QUESTION: Y e s .  

MR. ROSEN: 673. 

MR. THOMPSON: I s  the 

MR. ROSEN: John? 

QUESTION: L e t  m e  a s k  
What is t h e  d i s t a n c e  of t h e  i n r  
and I don ' t  see t h a t  you are g 
you making measurements here?  

t es  which have t o  p e n e t r a t e  

of t h i s ,  most of t h e  l i f e  
nd 700? 

speaking  of ou r  sa te l l i t e?  

apogee. 

a confused q u e s t i o n  he re .  
r and o u t e r  r a d i a t i o n  b e l t s  
ing through them. How are 
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MR, O'BRIEN; I th ink11 had be t t e r  draw a p i c t u r e  
here  

T h i s  is going t o  be a extremely rough p i c t u r e .  
We have the ear th ;  w e  have t h e  4 o r t h  and South Poles ,  as  so; 
w e  have e s s e n t i a l l y  what w e  c a l l  an  i n n e r  r a d i a t i o n  b e l t  
somewhere i n  t he re ,  i n  g e n e r a l  bout t he  e q u a t o r ,  a t 2  varying 
a l t i t u d e s  a t  about  a thousand k lometers averagc som~tfii i ig 
of t h i s  order,  W e  have t h e  o u t  ! r r a d i a t i o n  b e l t  which comes 
around l i k e  so i n  t h e  form of h4rns ,  The d i s tance  here i n  
m i l e s  v a r i e s  between, s a y ,  300 dnd 780 m i l e s ,  depending on 
which s ide  of  t he  e a r t h  you are ion. 

QUESTION: Dis tance  bqtween what? 

MR, O'BRIEN: Distance/ from the re  t o  there .  

QUESTION: That is so ewhat lower than  t h e  ea r l i e r  
f i g u r e s  of about 2 , 0 0 0  miles,. I I b e l i e v e ,  wasn ' t  it? 

MR, O'BRIEN:: Well, y u see t h i s  n a s t y  p o i n t  h e r e ,  
t h i s  depends upon the magnetic 1 i e l d  and your magnetic f i e l d  
is d i s p l a c e d  from t h e  c e n t e r  of / t h e  e a r t h v  t h e  c e n t e r  
is f u r t h e r  ou t  on t h e  one side .if t he  e a r t h  than  it is on t h e  
o t h e r  s ide  

I n  t h i s  s a t e l l i t e  a t  ai thousand ki lometers  -- c a l l  
i t  600 miles  -- we are p i ck ing  p q u i t e  s t r o n g  i n n e r  zone 
over  Johannesburg and over  San 1 iegca, 

I 

QUESTION: A t  680 m i l e i s ,  you say?  

MR, O'BRIEN: Yes, T q i s  is r i g h t  up near  t h e  l i m i t ,  
though. T h i s  is up near  t he  apqgee, T h i s  is our  o u t e r  zone 
which more or  less  f i l t e r s  down iin g r a d u a l l y  dec reas ing  
i n t e n s i t y ,  O f  c o u r s e ,  what I hdve drawn here are t h e  r e g i o n s  
of maximum i n t e n s i t i e s  and you qave f r i n g e  r a t i n g s  going on,  
you g r a d u a l l y  come down, T h i s  ijs why ea r l i e r  I drew c u r v e s  
of i n t e n s i t y  v e r s u s  p o s i t i o n  whi/ch went l i k e  t h a t  r a t h e r  t han  
l i k e  t h a t  and l i k e  t h a t ,  

Okay, w e  have go t  t hesp  f r i n g e  r e g i o n s .  Now t h e  
s a t e l l i t e  a t  p r e s e n t  is somehow Ior o the r  c u t t i n g  l i k e  so. 
T h i s  is v e r y ,  ve ry  rough,  bu t  t h b  important  p o i n t  he re  as fa r  
as  t h e  unpro tec t ed  solar c e l l  isi concerned is t h a t  it spends 
q u i t e  a deal of t i m e  i n  these r e k i o n s  and a l i t t l e  b i t  up 
here o u t s i d e  t h e  most i n t e n s e  r a h i a t i o n  zones ,  
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QUESTION: What is t h e  d i s t a n c e  o u t  f rom t h e  e a r t h ' s  
s u r f a c e  of t h e  ou te r?  I 

MR, O 'BRIEN:  T h i s  on?, 28,000 ki lometers ;  c a l l  i t  
15,000 m i l e s ,  

QUESTION: F i f t e e n ?  

MR. O'BRIEN:: 15,000 + i les ,  y e s .  

QUESTION: And then  i f  is -- 
MR. O'BRLEN: I t  s t r e  c h e s  r i g h t  down here  t o  

a l t i t u d e s  of on ly  a couple  hund 

QUESTION: Your sa te1  i t e  is c u t t i n g  through t h e  1 horns 

QUESTION: What is t h $  c e n t e r  of t h e  o u t e r  b e l t  
from the  e a r t h ' s  su r face?  , 

MR, O'BRIEN: So r ry ,  iThe f i g u r e  I gave w a s  a c t u a l l y  
from t h e  c e n t e r  of t h e  e a r t h ,  
e a r t h ?  

$0 you mind t h e  c e n t e r  of  t h e  

QUESTION: O r  s u r f a c e +  

MR, O'BRIEN: The s u r f a c e  of t h e  e a r t h s  it is 
around 12 000 miles  I 

QUESTION: But t h e  hotm comes down t o  about 2001 

comes i n  here ,  y e s ,  i n t o  
The horsn MR, O'BRIEN: 

t h e r e ,  We o f t e n  t a l k  about t h i  ass be ing  t h e  e q u a t o r i a l  
r e g i o n  because t h e  e a r t h ' s  magnqtic f i e l d  c u r v e s  i n  t h e  
same way 

QUESTION: These are $he magnetic p o l e s  you have 
shown he re .  When d i d  we d i scov  r t h a t  t he  center  of t h e  
ea r th ' s  magnetic f i e l d  does notego through t h e  c e n t e r  of t h e  
e a r t h ?  

MR, O'BRIEN: The mag e t i c i a n s  on t h e  s u r f a c e  of  ? t h e  e a r t h  d i scove red  t h i s  q u i t e  a long time ago. They have 
been t r y i n g  t o  f i t  t h e i r  measur$ments t o  a g iven  form i n  
here. Some cosmic r a y  observa t4ons  have r e i n f o r c e d  t h i s  and 
t h e  f a c t  t h a t  you g e t  t h i s  i n n e t  zone a t  d i f f e r e n t  p o i n t s  is 
a f u r t h e r  ev idence ,  I t  is by nt$ means t h e  o n l y  evidence.  

I 
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MR. THOMPSON: The Argbs experiment demonstrates  i t .  

MR, O'BRIEM: The Argub experiment w a s  another  
demonst ra t ion  of t h i s  because thk Argus went f u r t h e r  ou t  on 
t h e  one s i d e  t h a n  t h e  o t h e r ,  

QUESTION: You s a y  i t  lis 12,000 m i l e s ,  Then how 
fa r  ou t  does t h e  second b e l t  extknd? 

MR, O'BRIEN: Th i s  is khe one i n  which t h e  a c t u a l  
displacement  of t h i s  magnetic ba i f  you l i k e ,  is a Couple 
Of hundred m i l e s ,  you s e e ,  and t en t h i s  couple  of hundred 
m i l e s  is added t o  -- 

MR, ROSEN: That is 6518. 

MR, O'BRIEN: The osde of magnitude 300 t o  500 
m i l e s  or upwards of t h a t  

MR, NEWELL: Wasn't t h p  q u e s t i o n  how far  ou t  -- 
QUESTION: I am t ry ing ]  t o  f i n d  o u t  how t h i c k  t h e  

o u t e r  b e l t  is. 
0 

YR. O 'BRIEN:  Well ,  tqis v a r i e s  w i t h  s o l a r  a c t i v i t y .  
I a m  s o r r y ,  Two 
space  r o c k e t s  have shown d i f f e re ln t  t h i c k n e s s e s  he re .  
came r i g h t  ou t  here  somewhere aqd t h e  o t h e r  one came i n ,  and 
t h e  Explorer  VI o b s e r v a t i o n s  ac t jua l ly  sampled ou t  here, too, 
and they  a r e  g i v i n g  ve ry  u s e f u l  i information about  t h i s .  

I thought  you were / t a l k i n g  about  t h i s ,  
One 

QUESTION: How f a r  are t hey?  What is t h e  th i ckness?  
Does i t  go o u t  t o  35,000 or 5 0 ,  6 00%' 

MR, POAlERANTZ: They d e n t  t o  something l i k e  -- 

QUESTION: Mr a Van Alyen s a y s  i t  goes a s  f a r  as 
50,000, but  w i t h  f l u c t u a t i o n s  dqpending on s o l a r  a c t i v i t y .  

MR. NEWELL: T h a t  is xjighto 

YR, O'BRIEN: I t h i n k l s n e  c a n ' t  lay down r i g i d  l i m i t s  
on t h i s  because you have t o  d e f i n e  what you mean by t h e  b e l t  a t  
f irst ,  and I s a i d  t h e r e  are verd  e x t e n s i v e  f r i n g e  r e g i o n s .  

QUESTION: How would qou d e s c r i b e  t h e  p a t h  of t h i s  
s a t e l l i t e  w i t h  r e g a r d  t o  t h e  twd r a d i a t i o n  b e l t s  i n  gene ra l ?  
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MR, O'BRIEN: V e r y ,  very  roughly ,  t h a t  is i t  t h e r e .  

QUESTION: What ]I mea* is would you c o n s i d e r  t h a t  
as p u t t i n g  t h e  s a t e l l i t e  through t h e  major p o r t i o n  of t h e  
i n n e r  b e l t  and a t  l e a s t  t h e  f r i h g e  p o r t i o n s  of t h e  o u t e r  
b e l t ;  how would you d e s c r i b e  it$ 

MR, O'BRIEN: I d o n ' t , t h i n k  i t  s t r e t c h e s  r e a l l y  

We d o n ' t  
i n t o  t h e  h e a r t  of t h e  i n n e r  zone, t h e  i n n e r  b e l t  he re .  
we are still  a l i t t l e  b i t  u n c e r f a i n  about t h i s ,  
q u i t e  know where t h a t  is e i t h e r l  

But 

MR, NEWELL: I wonder j i f  I cou ld  drop  i n  a few 
i l l u s t r a t i v e  words h e r e ,  
r a t h e r  confused because of t h e  $act t h a t  you have a wide 
range of p a r t i c l e s ,  a v a s i a t i o n i w i t h  t ime ,  
ana logy ,  i f  you were t o  look a t ' t h e  s u n ' s  v i s i b l e  l i g h t  
through a r e d  p i ece  of g l a s s ,  t h i n g s  would look r e d ,  YOU 
j u s t  s e e  red., 
g l a s s ,  you s e e  t h e  g reen ;  and y$llow, yel low; and SO on. 

The p$oblem of t h e  r a d i a t i o n  b e l t  is 

BY way of 

If  you look a t  ii w i t h  a green  p i ece  of 

I n  t h e  same way h e r e , l i f  you look a t  t h e  r a d i a t i o n  
b e l t  w i t h  equipment t h a t  can  d e f e c t  no th ing  below a hundred 
M e V ,  f o r  example, p a r t i c l e s ,  t h e n  you w i l l  s e e  one S t r u c t u r e  
f o r  t he  r a d i a t i o n  b e l t ,  I f  youllook a t  it  w i t h  o t h e r  
equipment t h a t  can  s e e  i n  a d i f f e r e n t  r a n g e ,  then  t h e  
r a d i a t i o n  b e l t  w i l l  look d i f f e r f n t  a g a i n ,  And i f  you look 
a t  i t  w i t h ,  l e t ' s  s a y ,  equipment t h a t  can go down i n t o  t h e  
k i l o e l e c t r o n  v o l t  range or lowe)., you w i l l  g e t  an even 
more d i f u s e d  p i c t u r e  of t h e  r a d i a t i o n  b e l t .  But w i t h  t h a t  
q u a l i f i c a t i o n  P would t h i n k  y s u ~ c o u l d  say w e  have seen  t h a t  
t h e  r a d i a t i o n  b e l t  and a l l  i ts  complexi ty  ex tends  out t o  
maybe 50,000 k i l o m e t e r s ,  Wouldn't you s a y  t h a t  is r i g h t ?  

MR. RBSEN:: Any more gues t ions?  

F i n e ,  T h i s  is our  l a k t  p r e s e n t a t i o n .  

me LA Gow:  ne more p r e s e n t a t i o n  he re .  
Mr. Jose f  Boehm of t h e  i s t i c  M i s s i l e  Agency W i l l  
Summarize for u s  w h a t  t h e  mechahical problems encountered  i n  
d e v i s i n g  t h i s  s a t e l l i t e  were 

MR, BBEHM: Explorer  VI1 w a s  engineered  t o  s e r v e  
as an o r b i t a l  c a r r i e r  for  seven1 s c i e n t i f i c  exper iments  which 
we have j u s t  s t u d i e d .  
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I t  was a ve ry  cha l l end ing  eng inee r ing  task t o  
i n c o r p o r a t e  t h e  great number of 7 r equ i r emen t s  i n t o  one mechan- 
i c a l  and e l e c t r i c a l  sys tem.  Thq complexi ty  of t h e  s y s t e m ,  
t h e  a p p l i e d  technology w i t h  resdect t o  a mic romin ia tu r i za t ion  
and t h e  l i g h t  weight d e s i g n  makd t h i s  ca r r ie r  t h e  most 
e f f i c i e n t  and soph i s t i ca t ed  s a t d l l i t e  of l o n g e s t  l i f e t i m e  
which was ever  p laced  i n t o  orbiq by t h e  United S t a t e s  so  
f a r ,  But d e s p i t e  t h e  appa ren t  qomplexi ty ,  g r e a t  e f f o r t  went 
i n t o  e s t a b l i s h i n g  a r e l a t i v e l y  gimple and c lear  l a y o u t  which 
now gua ran tees  exact and unbiasdd  measurements. 

I s h a l l  p o i n t  o u t  a fqw of t h e  e s s e n t i a l  develop- 
ment phases. 

The d e s i g n  developmen9 of t h e  s a t e l l i t e  was g r e a t l y  
in f luenced  by  a se r ies  of r e q u i  ements which r e s u l t e d  p a r t l y  
from t h e  s p e c i f i c  miss ion  and p r t l y  from t h e  a p p l i e d  b o o s t e r  
s y s t e m  which  w e  had t o  use  and 3 h i c h  w e  used .  The most 
conspicuous  requi rement  g iven  b$ t h e  mission was t h a t  t h e  
tumbling of t h e  s a t e l l i t e  had t d  be avoided i n  any case. 
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F o r t u n a t e l y  we can s a g  t h a t  telemeter d a t a  so f a r  
i n d i c a t e s  t h a t  t h e  s a t e l l i t e  i s i f i n e ,  keeping its a t t i t u d e ,  
and there is no t r a c e  of tumble n o t i c e a b l e .  The f a c t  
t o  shape the s a t e l l i t e  i n  such d way t h a t  t he  s a t e l l i t e  
ma in ta ins  t h e  a t t i t u d e  of t h e  s$ in  a x i s  was t h e  g r e a t e s t  
i n f l u e n c e  t o  t h e  shape t h e  s a t e l l i t e  f i n a l l y o b t a i n e d .  

We needed a disk-shaped mass d i s t r i b u t i o n ,  
a d i s k - l i k e  mass d i s t r i b u t i o n  of suspended s t a b i l i z e d  
body - 

The shape of t h e  s a t e l l i t e  was i n  a d d i t i o n  de -  
termined b y  p rov id ing  s u i t a b l e  dt tachment  poss ib3 l i t i e s  
for t h e  e lements  of the differeqt experiments  and t o  have 
s u f f i c i e n t  a r e a  fo r  t h e  s o l a r  ~$11 a r e a s o  

Quickly I would l i k e  $0 go over  t h e  c o n f i g u r a t i o n s .  
You have those which Mr. Hel l e r l showed  w i t h  h i s  photography. 
The s a t e l l i t e  i t se l f  c o n s i s t s  of a t r u n c a t e d  double  cone, 
j o i n e d  by a c y l i n d r i c a l  c e n t e r  r i n g ,  

I t  is t h i r t y  inches  l+ng and 30 i n c h e s  w i d e  a t  
i ts equator., 
Of s i x  i n c h e s  i n  d iameter  and of vary ing  th i ckness .  

The in s t rumen ta t i#n  is assembled i n  modules 

The assembled modules have a column l o c a t e d  
around the  s p i n  a x i s ,  Iwould l i k e  l a t e r  t o  make a sketch 
of it. 

The desighers of t h e  b a t e l l i t e  had f u r t h e r  t o  
c o n s i d e r  t r a c e s  which occurred  through t h e  t h r u s t s  and 
t h e  c e n t r i f u g a l  forces, We habe s p i n ,  The t h r u s t  a s  
you know of t h e  c o n f i g u r a t i o n  h g s  450 r p m  s p i n .  
t o  c o n s i d e r  a g r e a t  v a r i e t y  of k i b r a t i o n s .  We had t o  see 
t h a t  t h e  e d d y  c u r r e n t s  were minimized a s  much a s  possible 
because t he  body is s p i n n i n g  i n , t h e  e a r t h ' s  magnetic 
f i e l d .  

We had 

The s p e c i a l  problem w b s  t h e  s e l e c t i o n  of t h e  
m a t e r i a l  for vacuum c o n d i t i o n .  I We had t o  i n t r o d u c e  a s  a 
r e s u l t  of d e s i g n  q u i t e  a number 'of changes going i n t o  
q u i t e  a number of d i f f e r e n t  k i n d s  of m a t e r i a l .  

And t h e  l a s t  p o i n t  1 would l i k e  t o  mention, 
which was exp la ined  by  Mr, H e l l p r ,  t h e  i n f l u e n c e  of t h e  
tempera ture  c o n t r o l  t o  t h e  d e s i g n ,  There was q u i t e  a 
l o t  of c o o p e r a t i o n  r e q u i r e d  i n  b rde r  t o  ach ieve  t h e  
tempera ture  c o n t r o l ,  
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The t o t a l  weight of t h b  e x p l o r e r  VI1 was 92.3 
pounds a t  launching. 
components which I s h a l l  j u s t  qubckly read.  

I have hefpo a breakdown of t h e  

Tho s t r u c t u r e  of t h i s  2.3 pound s a t e l l i t e  
weighed 29.6 pounds. The i n s t r u  a e n t  package, 14.4; 
t h e  b a t t e r y  supply,  15.9; s o l a r  pel1 a r r a y s  18.2; 
s e p a r a t i o n  d e c i s i o n ,  2.8; t h e  detectors and s e n s o r s ,  
t h r e e  pounds; ba lanc ing  weights ,  .7 pounds; t h e  radtenna 
s y s t e m ,  108 m c .  and t h e  20 megacpcle antenna,  2.2 pounds, 
t h e  o t h e r  is 3-2. 

P o t t i n g  and wi r ing  1, pounds, and t h e  s u r f a c e  
c o a t i n g  p a i n t  .9 pounds. The s u  is 92.3 pounds. The 
a l t i t u d e  requirement for t he  s a t  5 l l i t e  made a l s o  t h e  
s e p a r a t i o n  of t h e  empty s h e l l  of1 t h e  l a s t  s t a g e  motor from 
t h e  s a t e l l i t e  necessary ,  

Therefore ,  a Sepa ra t ion  dev ice  was i n s e r t e d  
between s a t e l l i t e  and t h e  f o u r t h /  s t a g e .  
t h e r e  was no dynamic d is turbance icaused  a t  s epa ra t ion .  
The t r a n s i s t o r  communications s y e t e m s  employed two 
t r a n s m i t t e r s ,  one s o l a r  cel l  pogrered o p e r a t i o n s  a t  
20 mc. 

As planned, 

Both communications s y p t e m s  worked p e r f e c t l y  
The 20 megacycle s y s t e m  went i n t o  

Th i s  happened r i g h t  

from t h e  beginning. 
ope ra t ion  a f t e r  its antenna wire$ were unreeled and o r b i t e d  
t o  a d i ame t ra l  l e n g t h  of 24 feet;  
a f t e r  s e p a r a t i o n  of t h e  l a s t  s t a p  s h e l l ,  

So f a r  w e  have measure? only a very sma l l  s p i n  
from t h e  o r i g i n a l  s p i n .  
been f i r e d  was reduced aga in  by t h e  change i n  t h e  
mass d i s t r i b u t i o n  due t o  t h e  un r+e l ing  of  t h e  f u l l a n t e n n a  
a s  I s a i d  t o  24 f e e t  t o t a l  l ength .  

The s p i $  a s  t h e  l a s t  s t a g e  had 

Now, t h e  most important p r e r e q u i s i t e  f o r  t h e  
success  of Explorer  VI1 was t o  e '  t a b l i s h  an  extremely 
high degree of r e l i a b i l i t y .  T h i r  was achieved by s u b j e c t -  
i n g  t h e  s a t e l l i t e  and its componTnts t o  a most compre- 
hensive and seve re  tes t  program Which included a l l  func- 
t i o n a l  and environmental  condi t iQns o r  requirements .  

Seve ra l  p ro to types  of t h e  s a t e l l i t e  were prepared 
f o r  mechanical, e l e c t r i c a l  and t*ermal tes t  groups. 
Space c o n d i t i o n s  were simulated f o r  t h e  in s t rumen ta t ion  
b y  apply ing  t h e  temperature  
du ra t ion .  

%oak" tests of  long 
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J u s t  t o  see how the i n s t r u m e n t a t i o n  would behave 
l a t e r  i n  o rb i t ,  t h e  s e p a r a t i o n  of/ t h e  l a s t  s t a g e  s h e l l  from 
the  s a t e l l i t e  was s imula ted  t o  ch,k?ck t h e  dynamic behavior  
d u r i n g  the  process of s e p a r a t i o n , )  

Sepa ra t ion  of t h e  e x t e q t  of 20 megacycles antenna 
Sys tem was tested i n  a s p e c i a l  valcuum chamber. 

After n e a r l y  two and a , ha l f  months of s u c c e s s f u l  

T h i s  
o p e r a t i o n  of Explorer  VI1 it can / s a f e l y  be s t a t e d  t h a t  a 
remarkable  p r o g r e s s  i n  space  tecqnology is achieved.  
was on ly  possible w i t h  t he  s o l i d  teamwork which was 
performed a t  t h e  Developments Opqra t ions  D i v i s i o n  of 
ABM, the  main load of the  work Qeing c a r r i e d  on by t h e  
Guidanoe Con t ro l  Laboratory,  and I would l i k e  t o  
emphasize and mention here t h a t  1 am j u s t  a r e p r e s e n t a t i v e  
speaking  about  t h e  work and contxl ibut ions many people  have 
g iven  t o  t h i s  p r o j e c t .  
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QUESTION: What i : j  tqe  s p i n  ra te  and rpm? 

MR. BOEHM: The o r i g ' n , e l  s p i n  r a t e  w a s  normally 
450 rpm of t h e  c l u s t e r ,  Acd t e s p i n  ra te -went  down t o  
approximately 360 rpm a t  t h e  b ! g inn ing  of o r b i t i n g  when t h e  
an tenna  s y s t e m  was unree l ed .  Wd have now a small drop ,  l e t  
m e  s a y  between 5 and 10 rpmv wqich  means that t h e  s p i n  decay 
is a ve ry  s l o w  p rocess  and w e  +re p o s i t i v e  w e  have s u f f i c i e n t  
sp in - fo r - sp in  s t a b i l i z a t i o n  f o ~  t h e  planned one yea r  of 
o p e r a t i o n .  

QUESTION: What ; w a s l i t  now, sir.  I d i d n ' t  hea r  
what you sa id .  What is t h e  cuqren t  s p i n  rate? 

MR. BOEHM: I know i$ w a s  o r i g i n a l l y  roughly 
360 rpm; i t  went down t o  about, 300, 

MR. THOMPSON: I% is about  350; 348 t o  350. 

MR. ROSEN: A r e  t h e r $  any more ques t ions?  

QUESTION: I have on$, I n  summing up I would l i k e  
Dr. N e w e l l  or M r ,  LaGow,  o r  so+eone, t o  g i v e  u s  an  o v e r a l l  
summary of  what t h e  s u c c e s s  o f i t h i s  is. 

MR, ROSEN: D r ,  N e w e t l ,  would you r e p l y  f o r  t h e  
gentleman? 

MR. NEWELL: Well, P l w i l l  a t t empt  a summary. I 
may t u r n  t o  M r ,  LaGow t o  f i l l .  &n some of t h e s e  t h i n g s .  

The Explorer  VI1 s a  e l l i t e ,  b y  way of summary h a s  
been s u c c e s s f u l  i n  i ts  d e s i g n  gs you have hea rd  from M r .  
Boehm and Mr. H e l l e r .  The t e m  e r a t u r e  c o n t r o l  is working 
a s  i t  shou ld ;  t h e  t empera tu res  r f o r  t h e  i n s t r u m e n t s  are with- 
i n  t h e  p rope r  r a n g e s ,  The s t r b c t u r e  is as i t  shou ld  have 
been; t h e  s p i n  r a t e s  d e s i r e d ,  painly about  350 rpm, w e r e  
ach ieved ,  The equipment s e e m s ;  t o  be working w i t h  t h e  de- 
sired r e l i a b i l i t y ,  and w e  can hope t h a t  t h e  s a t e l l i t e  w i l l  
operate for t h e  f u l l  year t h a t  i t  is supposed Lo. 

t 

As t o  t h e  s c i e n t i f i c 1  measurements, t h e  equipment 
i n  t h i s  case is a l so  working a b  it s h o u l d ,  and i n  t h e  case 
of e n e r g e t i c  p a r t i c l e s ,  t h e  SUI1 equipment is o p e r a t i n g  
p r o p e r l y ,  and t h e r e  were t h r e e ' m a i n  phenomona observed.  I 
w i l l  a sk  f o r  t h r e e  b r i e f  s t a t e L e n t s  from the SUI man r i g h t  
h e r e  as t o  what t h o s e  w e r e .  
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MR. O'BRIEM: One phehomona w a s  q u i t e  s i m p l y  t h a t  
w e  observed bursts of sporad ic  $-adia$icsw ~n 20 occas ions ;  
another  w a s  t h a t  w e  observed a kemporarg c e n t e r  0f i n c r e a s e d  
r a d i a t i o n  inbetween t h e  t w o  r a d t a t i o n  zones ,  and t h i s  i s  an  
ex tens ion  of Explorer  IY w0rk; p d  t h e  t h i r d  phenomona is 
that  w e  have been a b l e  t o  push t h e  study of the Fsrbush de- 
crease to rather lower ene rg ie s ,  

rBR. NEWELL: Pick ing  U p  w i t h  % h i s ,  t h e  e n e r g e t i c  
p a r t i c k s  measurements i nc lude  b b s e r v a t i o n s  on t h e  heavy 
p a r t i c l e s  i n  cosmic r a d i a t i o n ;  t ha t  means those that have an 
atomic number g r e a t e r  t han  6.  These measurements are d i -  
v ided  i n t o  three groups, a l l  cf, those greater than 6,  a l l  
of t h o s e  g r e a t e r  t han  9,  and a l l  sf those greater t h a n  16. 
So t h a t  i n  e f fec t  b y  comparing these two measurements you 
can g e t  t h o s e  between 6 and 9, those  between 9 and 16, and 
then  t h o s e  h e a v i e r ,  

A r e  there any pather spec,a%ic mtems you want t o  
add? 

MRo POrnRANTZ: Well, t he  ene rgy  d i s t r i b u t i o n  of 
t h e  heavy n u c l e i  has been dexerhined and the s p e c i a l  d i s t r i -  
b u t i o n ,  t h e  geograph ica l  distrabution, h a s  g iven  data which 
is r e l a t e d  to the  e f fec t  of t h e  earthys magnetic f i e l d  on 
incoming charged p a r t i c l e s ,  and f l u c . ~ u a x i o n s  which have not  
y e t  been s t u d i e d  i n  d e t a I l ,  Temperature  v a r i a t i o n s  have 
a lso been observed.  

MR. MEWELL: Thank yoU. 

I n  t h e  radiati~n meas9rement.s there is t h e  NRL 
r a d i a t i o n  experiment which r e f e  s to %he solar  X-radia t ions ;  
t h e s e  c o u n t e r s  are s p e r a t i n g  pr~per3y and are o b t a i n i n g  
data ~n the lower edge of t h e  i '  ne r  r a d i a t i o n  b e l t s ,  and 
presumably are a b t a i n k n ~ t l k e  sofar X-ray data t h a t  t h e y  were 
s e n t  up f o r  over  portions of ch@ o r b i t  which have not  y e t  
been analyzed.  

t 

This  is the r eason  H bay presurrra$ly i n  connec t ion  
w i t h  t h a t  s t a t e m e n t ,  

In t h e  case of the  rne$eoralogical expe r imen t s , t he  
Suomi r a d i a t i o n  ba lance  experim$nt,  this equipment, t o o ,  is  
o p e r a t i n g  as i t  should ,  
measurements are be ing  t a k e n  pet day?  of which f r o m  10 t o  
25 p e r c e n t  are be ing  read off at t h e  r eco rd ing  s t a l i s n s .  
I w i l l  ask DP. Susrwr t o  add to + h i s  the main p o i n t s  ob ta ined  
from h i s  measurements ,, 

8onaethlarzg Bike f i v e  o r  s i x  thousand 
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BIR, Si'OMI. 'the inaiq p o i n t s  fo r  t h e  mc tco ro log i s t s  
t o  ana lyze  this enormous voluqe of d a t a  -- w e  have for  t h e  
first t i m e  a look of a good adpec t  of t h e  w o r l d  s weather on 
:I wor ld-wide  b a s i s  o r  almost a, w o r l d - w i d e  b a s i s  and w h i l e  
I d i d  comment about a f e w  de t a l i l s  t h e  r e a l  s t o r y  w i l l  
come wi th  t h e  a n a l y s i s  on a wdrld-wide b a s i s  f o r l o n g e r  
p e r i o d s  of time 

h!R. NEWELL. Then pilcking up aga in  w e  have t h e  
micrometeorite measurements. dhe i n d i c a t i o n s  from t h e  
equipment i n  t h e  s a t e l l i t e  a r e  t h a t  micrometeorite 

puncture  and e r o s i o n  for t h e  pclriod of  t i m e  t h a t  t h e s e  
o b s e r v a t i o n s  were made is not  ,a g r e a t  e n g i n e e r i n g  hazard.  

T h i s  s t i l l  l c a v e s  oplen the problem of what these 
e f f e c t s  may be over  long periops of t i m e s ,  s a y  f o r  many 
yea r s ,  and t h e  p l a n  is t o  eontiinue such measurements i n  
o t h e r  NASA s a t e l l i t e s .  

I w i l l  ask  Rir. Lagow i f  he has  any th ing  he wants 
t o  add. 

LAGOV?: I t h i n k  t h a t  cove r s  i t ,  Dr, N e w e l l ,  

MR. NEWELL, Then I Would l i k e  t o  make a 
g e n e r a l  comment, You have now,been h e a r i n g  about  an 
impor tan t  and v e r s a t i l e  s a t c l l k t e ,  
from t h e  s c i e n t i s t s  who a r e  doing t h e  a c t u a l  exper iment ing ,  

You have been h e a r i n g  

I t  must be c l e a r  t o  you how much of a t e a m  
e n t e r p r i s e  t h i s  s o r t  of t h i n g  i s ,  Without a j o i n t  e f f o r t  
of many people  such a s a t e l l i t e  experiment  o r  c o l l e c t i o n  of  
exper iments  cannot  g e t  doric, 

Now t h e  q u e s t i o n  n a t i m a l l y  a r i s e s  a s  t o  how t h i s  
teamwork can be broadened En, p a r t i c u l a r ,  how can t h e  
p a r t i c i p a t i o n  of t h e  s c i c n t i f i b  community be e n l i s t e d  on the 
b roade r  b a s i s ,  

I n  t h i s  connec t ion  NhSA would l ike t o  make t h e  
fo l lowing  announcements t h e  l tndividual  exper iments  
on t h i s  team have made a v a i l a b i e  t o  u s  t h e  complete 
t e l e m e t r y  codes f o r  t h e i r  expeTiments and i n s t r u c t i o n s  
on how t o  use them, 

T h i s  m a t e r i a l  would $ake possible t o  s c i e n t i s t s  
around t h e  world who a r e  a b l e  to record t h e  t e l e m e t r y  d a t a  
t h a t  t h e y  can reduce this d a t a  for themselves  and p a r t i c i p a t e  
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i n  t h e  experiments.  We w i l l  prqceed t o  assemble these 
t e l e m e t r y  codes and i n s t r u c t i o n 4  and i n  t h e  nea r  f u t u r e  
w i l l  be prepared t o  accep t  r e q u d s t s  from s c i e n t i s t s  around 
the  w o r l d ,  both i n  o u r  count ry  alnd i n  other c o u n t r i e s ,  f o r  
c o p i e s  of t h e s e  telemetry codes Bnd t h e  accompanying 
i n s t r u c t i o n s .  

I i t h i n k  t h a t  winds i t  ub. 

MR. ROSEN: A l l  r i g h t ,  l a d i e s  and gent lemen -- 
QUESTION: When you s p y  i n  a p o s i t i o n  t o  a c c e p t  

requests -- 5s t h i s  an  i n d i r e c t  Way of s a y i n g  you w i l l  send 
i t  o u t  t o  any q u a l i f i e d  s c i e n t i s t  who a s k s  f o r  i t  o r  w i l l  there 
be exercised c e r t a i n  l i m i t a t i o n s ?  

MR. NEWELL: We w i l l  s$nd i t  o u t  t o  any q u a l i f i e d  
s c i e n t i s t  who r e q u e s t s  it. 

QUESTION: On e i ther  s ldeof  t h e  I r o n  Cur t a in?  

MR, NEWELL: Y e s ,  sir. 

MR. ROSEN: Anyone who:can r e c e i v e  it. 

QUESTION: Is there aqy p a r t i c u l a r  a r e a  of t h e  
wor ld  where you a r e  much more i n q e r e s t e d  where you have a 
b i g  gap where you would l i k e  t o  det s c i e n t i s t s  t han  i n  any 
other?  

MR. NEWELL: I would 1"ke t o  a s k  t h e  i n d i v i d u a l  7 s c i e n t i s t s  t o  answer t h i s  questioln. 

MR.ROSXN: D r .  O'Brieni a p p a r e n t l y  h a s  a few 
gaps 

MR. O'BRIEN: Well, thEse examples of gap, -- 
t h i s  is n o t  in tended  t o  be a comppehensive list -- 

MR. ROSEN: O r  an  i n v i t b t i o n ?  

MR. O'BRIEN: , Japan w e  how have w i t h  t h e  NASA 
s t a t i o n ,  we would l i k e  some i n  Chbna, i n  t h e  Sov ie t  Union, 
i n  I n d i a ,  i n  t h e  South P a c i f i c ,  abd t h i s  m a t t e r  is be ing  
rectified,  too, and a l s o  i n  t h e , $ a s t  Ind ie s .  

MR. NEWELL: Any others?  

M R .  SUOMI: I might add C e n t r a l  Af r i ca .  
I 
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M € ,  POMERANTZ. I wou%ld l i k e  t o  s a y  Amen t o  t h a t  
and t o  have a s  much coverage i n  t h e  e q u a t o r i a l  r eg ion  
a s  p o s s i b l e .  

M R -  ROSEN, What is i n  C e n t r a l  Af r i ca?  

MR. ROSEN: Any more ques t ions?  

QUESTION: I have one ,more ques t ion  for Dr, O'Br ien t  

Presumably, D O C ~ Q P ,  i4 is conce ivab le ,  i s n ' t  i t ,  
t h a t  du r ing  t h e  remaining a c t f v d  l i f e t i m e  of t h e  s a t e l l i t e  
t h a t  these s p o r a d i c  b u r s t s  t h a t  ,have occurred  between t h e  
i n n e r  and o u t e r  l a y e r s ,  you g e t  tmore r e c o r d s  on ,  them and 
is it  conce ivab le  t h a t  you w i l l  ge t  something on t h e  
n a t u r e  of these t h i n g s  t o  t i e  i r q  w i t h  t h i s  q u e s t i o n  of 
whether or not  t h e y  might  be p r o t o n s  from t h e  sun? 

IvIRJ O'BRIEM: Y e s  indeed, T h i s  is one of t h e  
ve ry  g r e a t  advantages of \? the lonig l i f e  of Explorer  V I I ,  
because t h e s e  a r e  r e l a t i v e l y  rarb phenomena and by ,  of 
c o u r s e ,  ex tend ing  t h e  l i f e t i m e  wk? hope t o  get more examples 
of them t o  h e l p  c l e a r  up some of t h e  problems, 

QUESTION: I d o  no t  kpow whether  this is a 
q u e s t i o n  for D r ,  Newell o r  for Dp, O'Brien.  But when 
I was o u t  a t  t h e  U n i v e r s i t y  of Ipwa maybe s i x  o r  n i n e  
months ago, w e  had a l o t  of t h e  parLy Vanguard and Explorer  
d a t a  b u t  it was be ing  processed  panua l ly  w i t h  on ly  a 
handful  of  people ,  

Here we spend g r e a t  suws o f  money to go Q U t  and 
make these m e a s u r e m n t s  and get Ithe d a t a  and then  we save  
a f e w  penn ies  b y  no t  buying t h e  podern d a t a ,  hand l ing  
and ana lyz ing  equipment on t h e  rnerket 

Have any s t e p s  been ta@n t o  speed up the  : I  

r e d u c t i o n  of t h e  u s e f u l  d a t a  from t h e  raw d a t a  from t h e  
s a t e l l i t e s ,  

B I R .  NEL'2LL: L e t  m e  take a c r a c k  a t  an answer 
t o  t h i s ,  

T h i s  is  a very  serious problem because a f t e r  a l l  
t h e  d a t a  a r e  t h c  h a r v e s t  of a l l  your a c t i v i t y  and a l s o  
because i t  is a ve ry  c o s t l y  phase ;  it is remarkable  how 



cm4 

expensive t h i s  can g e t  when you ;sit down and begin  Lo add 
up t h e  d o l l a r s ,  

49 

For t h i s  reason NASA has a committee r i g h t  now of  
people  concerned w i t h  t h i s  businjess working o u t  a d a t a  
a c q u i s i t i o n  handl ing  and use plain which w i l l  involve  t h e  
q u e s t i o n s  of t h e  modern equipmen;t, computers, and so  f o r t h ,  
and t h e i r  a v a i l a b i l i t y  t o  t h e  s c l i e n t i s t s  t o  g e t  t h i s  work 
done. 

T h i s  committee does noit have an easy  job  and w e  
d o  no t  expec t  them t o  have a ful,l, answer fo r  perhaps a s  much 
as  h a l f  a y e a r r  so w e  expec t  t o  p i ck  up p a r t i a l  answers for 
t h e  i n d i v i d u a l  s a t e l l i t e s  a s  we  go a long  and w e  a r e  a l r e a d y  
p i c k i n g  up answers fo r  t h e  s a t e l k i t e s  t h a t  a r e  i n  o r b i t s ,  

MR. ROSEN: I n c i d e n t a l J y ,  P h i l ,  j u s t  t h e  c o s t  
of t a p e  a l o n e  is running  a t  $ 5 , O p O  a month, 

QUESTION:;, , 1 appkecia/te these t h i n g s  a r e  c o s t l y  
b u t  t h e  end r e s u l t  of a l l  t h e  expense is u s e f u l  d a t a  and 
i t  would be a shame i f  bu r i ed  sobewhere i n  these t a p e s  
is some d a t a  t h a t  is of v a l u e  bkt  we would no t  d i s c o v e r  
i t  f o r  ano the r  t h r e e  y e a r s ,  

QUESTION: Is t h i s  i n v i t a t i o n  for p a r t i c i p a t i o n  
t h a t  is going o u t  t o  s c i e n t i s t s  throughout  t h e  w o r l d ,  
is t h a t  f o r  p a r t i c i p a t i o n  f o r  Explorer  V I 1  only? 

MR,ROSEN: I , e t 7 s f i n i s h  t h i s  one here, 

MR. THOMPSON: 1 woulql l i k e  tomalte a s t a t emen t  
about  t h i s  au tomat ic  r e d u c t i o n  of s a t e l l i t e  d a t a ,  When 
one r e a l i z e s  t h e  f a c t  t h a t  you ake p r e s s i n g  t r a n s m i t t e r  
power, i n fo rma t ion  r a t e s ,  you have a l o t  of  ground i n t e r -  
f e r e n c e  which you cannot  c o n t r o l  and a l l  i n  a l l  you 
normally g e t  back s i g n a l s  which +re,  when reduced t o  paper  
a r e  a c t u a l l y  p u t  on magnetic t a p e ,  a r e  n o t  of a q u a l i t y  t h a t  
you can reduce  w i t h  equipment, 

\Ye a r e  i n  luck  when we,have  p a s s e s  of any 
d u r a t i o n  t h a t  a r e  s u i t a b l e  f o r  aqttornatic r e d u c t i o n ,  so -- 

QUESTION: I d o  no t  want t o  l a b o r  the p o i n t  
b u t  g i r l s  were s i t t i n g  o u t  t h e r e  with r u l e r s ,  n o t  even 
u s i n g  t h e s e  e lementary  t a p e s ,  pu$%aing a b u t t o n ,  having 
a punched ca rd  a u t o m a t i c a l l y  f a l l  o u t .  Out there 
were one or  two g i r l s  s i t t , i n g  tliere, miles and m i l e s  of 
t a p e  and t h e y  were ana lyz ing  i t ,  1 guess,  a t  about  a 
f o o t  p e r  minute r a t e .  
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I\JR. r I-.''.- 
.l o,&.SON: Uur e x p e r i e n c e  h a s  been Irecping this 

machine r u n n i n g  t h a t  you punch t h e  b u t t o n  on ahd whjcii 
is j u s t  a b o u t  a s  time-consuming bs some of the r e d u c t i o n ,  

MR. NEWELL: I t  is n o t  an  e a s y  problem and t h e  
answer is g o i n g  t o  be i n d i v i d u a l e y  t a i l o r e d  t o  i n d i v i d u a l  
s i t u a t i o n s  and i n  some c a s e s ,  i n  f a c t  i n  many c a s e s  you 
w i l l  c o n t i n u e  t o  have  p e o p l e  w i t h  r u l e r s  and m i l e s  of 
t a p e  t o  p i c k  o u t  s p o t s  and look tit them. 

I n  other  c a s e s  you wile use t h e  machines  when 
these work o u t  best. 

MR, ROSEN: I t h i n k  t h e  SUI r e p r e s e n t a t i v e  
would l i k e  t o  -- 

MR. 0'BRIE:N: N o ;  my cQmment h a s  a l r e a d y  been  
s t a t e d .  
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MR. LA GOW: I wou ld  l , i ke  t o  a s k  D r .  Suomi t o  make 
a s t a t e m e n t  t o  b e  used. H e  is  p l a n n i n g  t o  u s e  a m a c h i n e .  

MRo SUOMI: The e x p e r j m e n t e r  a t  t h e  b e g i n n i n g  o f  
t h e  e x p e r i m e n t  is n a t u r a l l y  i n q u i s i t i v e  a b o u t  w h a t ' s  g o i n g  
o n  a n d  you u s u a l l y  t r y  t o  do t h i n g s  b y  h a n d  b e c a u s e  t h i s  
seems t h e  f a s t e s t .  Then you r e a c h  t h e  s t a g e  where  you know 
you h a v e  t o  p u t  i t  down b e c a u s e  t h e  data is p i l i n g  u p  o n  
you .  Well, w e  h a v e  a t  W i s c o n s i n  a p r o g r a m  t o  u t i l i z e  t h e  
704 w h i c h  t h e  Mid-Western  U n i v e f l s i t i e s  R e s e a r c h  A s s o c i a t i o n  
h a s  t h e r e .  The a p p a r a t u s  A S  set up  t o  a c c e p t  d a t a  a t  h i g h  
s p e e d s ,  a p p r o x i m a t e l y  512 t i m e s  t h e  r e g u l a r  p l a y - b a c k  
s p e e d .  T h i s  n o i s e  w h i c h  h a s  b e a n  m e n t i o n e d  is d e f i n i t e l y  
a p r o b l e m ;  i t ' s  a l m o s t  as b a d  a9 t r y i n g  t o  t a l k  a g a i n s t  
t h i s  b a n g i n g  r a d i a t o r  w e  h a v e  haid a l l  a f t e r n o o n .  Bu t  t h e r e  
are some t a p e s ,  a l a r g e  number ,  a c t u a l l y ,  w h i c h  are v e r y  
clear a n d  t h e s e  c a n  b e  p r o c e s s e d /  a u t o m a t i c a l l y .  Moreove r ,  
t h i s  is  a v e r y  c h a l l e n g i n g  s i t u q t i o n  t o  e n g i n e e r s ,  a n d  so o n  
t o  e l i m i n a t e  t h e  n o i s e  w h e r e  i t  is p o s s i b l e ,  a n d  t h i s  is 
b e i n g  worked  upon .  W e  are v e r y  c lose,  b u t  w e  are n o t  
q u i t e  t h e r e .  P e r h a p s  i n  a n o t h e r  month o r  so .  

MR. ROSEN: W e l l ,  g en t t l emen ,  -- 
QUESTION: Would you  alnswer t h a t  q u e s t i o n  a b o u t  

w h e t h e r  o r  n o t  t h i s  i n v i t a t i o n  i t n c l u d e s  o n l y  t h e  E x p l o r e r  V I 1  
o r  a l l  s a t e l l i t e s  t h a t  w e  h a v e  u p  t h e r e  t h a t  are st i l l  o p e r -  
a t i n g ?  

MR. NEWELL: T h i s  is o n l y  E x p l o r e r  V I I ;  w e  h a v e  
t h e  t e l e m e t e r i n g  c o d e s  f r o m  t h i s  s a t e l l i t e .  

MR. ROSEN: We h a v e  t e D  more months  of e x p e c t e d  
l i f e  t o  go. 

MR, NEWELL: T h i s  s a m e l  c o n s i d e r a t i o n  w i l l  un- 
d o u b t e d l y  come u p  i n  c o n n e c t i o n  k i t h  e v e r y  s a t e l l i t e  w e  p u t  
u p ,  b u t  w i l l  h a v e  t o  be h a n d l e d  i n  c o n n e c t i o n  w i t h  i n d i v i d u a l  
s a t e l l i t e s .  Somet imes  t h e  w h o l e  p r o b l e m  o f  r e d u c i n g  t h e  
d a t a  a n d  i n t e r p r e t i n g  them p r o p e b l y  w i t h o u t  g e t t i n g  errors 
t o  c r e e p  $n w i l l  mean t h a t  t h i s  has  t o  s t i c k  w i t h  t h e  
s c i e n t i s t s  who d e s i g n e d  t h e  e x p e r i m e n t  a n d  p u t  i t  u p .  

QUESTION: Thank you v e r y  much. 

MR. ROSEN: Thank you v e r y  much. 

(Whereupon,  a t  3 ~ 3 0  p.m. t h e  p r e s s  c o n f e r e n c e  w a s  
c o n c l u d e d . )  
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